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PREFACE. 



A GREAT lover of geometry used to remark, " without 
the geometrical faculty we should be idiots"; that is, 
unable to differentiate the forms of objects, we could 
not tell one from another. 

In the kindergarten and the lowest primary grade 
the child is introduced to geometry in art, and there 
seems to be no good reason why in the sixth, seventh, 
and eighth grades he should not be introduced to 
the science of geometry, in its elementary concepts, 
definitions, and methods. 

Traditional methods of studying geometry, and the 
difficulty of selection from the ordinary text-book, 
stand in the way of its introduction into the grammar 
school. 

Teaching by dictation has been carried to excess 
in all branches, and the Socratic method, originally 
used to refute erroneous opinions, may easily degener- 
ate with pupils who have no opinions of the subject, 
correct or erroneous, into — 

" Letting down buckets into empty wells 
And growing old in drawing nothing up." 
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IV PREFACE. 

To learn from the printed page is a most valuable 
part of the pupil's education. For this reason the 
pupil is expected to make the diagrams for the text, 
unaided by the teacher. 

In geometry, as in other branches, the pupil will 
learn only what he wants to know. To implant this 
w^nt in the pupil's mind skilfully, and at the same 
time not to tell him what with proper effort he can 
find out for himself, distinguishes superior teaching. 

I wish to thank the publishers for the great pains 
they have taken to have errors in the copy and proof 
corrected, and also all who have kindly read the 
proof. 

E. H 



PART I. 



LESSON I. 

To go from one place or point, J., to another place 
or point, -B, we start from A^ and move all the time 
towards 5, without changing our direction, if possible. 
All animals, including insects, will do the same thing. 
They seem to know as well as we do, that a line 
that does not change its direction — that is, a straight 
line — is the shortest distance between two points. 

What is a straight line? 

A straight line is a line that never changes its 
direction, or. It is the shortest distance between two 
points. 

Only one straight line can be drawn between two 
points. 

The ends of a line are called pointSy and the 
length of a line is the distance between these two 
points. 

A line has only length ; no breadth, no thickness. 

A point has no length, no breadth, no thickness. 

Points are only places where lines begin or end, or 
cross each other. 

The points and lines that we make with the pencil 
and crayon are not the real points and lines we talk 
about in geometry: they only show us where the 
real points and lines are ; that is, right in the middle 
or the center of the dots and lines that we can see. 
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LESSON II. 

A surface has length and breadth, but no thickness. 
It is simply the outside of bodies. 

When the surface is flat or level, like the black- 
board, top of the table, or the side of a slate, it is 
called a plane surface. 

In geometry, we mean by a plane, a surface so 
even that a straight line drawn from any point in it 
to any other point in it will be wholly in the plane; 
that is, will touch it at every point. 

The word line^ used alone, means a straight line. 

We can imagine a line made by a point moving 
in a plane. All the lines we shall talk about in the 
first part of this geometry are supposed to be drawn 
in the same plane. 

Two or more lines having the same direction are 
called parallel lines. 

Two lines drawn so as to make a square corner, or 
angle, are perpendicular to each other. 

Two lines, having different directions not perpen- 
dicular, are oblique to each other. 

If a line be drawn in a plane, any other line, drawn 
in the same plane, must be oblique, perpendicular, or 
parallel to the line first drawn. 

A line parallel with the horizon or bottom of the 
page we call a horizontal line. 

A vertical line is the direction of a plumb line. 
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Draw several kinds of lines. Test straightness with 
ruler. 

Place two points ; measure the distance between 
them. Draw a short line; another; one equal to 
both. 



LESSON III. 

Draw the different kinds of lines, 2 inches long; 3 
inches ; 4 inches. (Freehand.) Name them. 

Draw three short lines ; one equal to the three. 

Draw four lines, 2 inches long, J inch apart ; J inch ; 
J inch. 

Draw four parallels on the blackboard, 3 feet long, 2 
inches apart ; 3, 4, 5, 6 inches apart. 

To draw parallel lines on slate and paper, use the 
ruler and the graduated right angle or square, 3 inches 
by 4 inches. At the same time the pupil learns that 
two points determine the direction of a line. 

To draw parallels on the blackboard, use a square, 
2 feet by 3 feet. 

The right angle and ruler should be graduated to 
sixteenths of an inch on one side, and to millimeters 
on the other. 

Draw lines as above, using decimeters, centimeters, 
millimeters, until the pupil is familiar with the names 
and the distances they represent. 

Give a card, having lines of different lengths, to 
each pupil. Let him measure them by each scale. 
Compare results. 



LESSON IV. 

To read a line, we use two letters. 

Name the starting-point or origin first, as AB or BA. 

In comparing lines as to length, say one is so many 
times the other, or that they are to each other, as 2 to 
3, 5 to 7, as the case may be. 

We do not write an inch as the fraction ^ of a foot, 
but as a whole number, the unit of measure. So, in 
measuring short lines, we can use the |^, ^, J, ^^ inch 
as the unit of measure. 

Draw a line | of an inch long. What distance 
would the line represent, if J represent 10 feet? 20 
rods ? 5 miles ? 

Draw a line IJ inches long. What distance will it 
represent on a scale of 20 feet to an inch ? 10 rods to 
J inch? 

Draw a line to represent 60 rods on a scale of 10 
rods to J inch. 

Draw a line 100 feet long, scale 10 feet to the i 
inch. 

Draw a line 100 meters long, scale 10 meters to a 
centimeter. 

Draw two lines; measure and compare them. 
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LESSON V. 

Estimate, and then measure: length of lines drawn 
on the blackboard, horizontal, vertical, and oblique. 

(1) Short lines in inches, centimeters, etc. 

(2) Longer Unes in feet and decimeters. 

Each pupil makes careful record of estimate, or 
guess, before testing. 

Estimate and test : length and width of slate, desk, 
pane of glass ; width of aisle, door, schoolroom ; height 
of, and other objects. Average estimates of class. 

Also, estimate distances in yards, meters, rods, and 
miles. 

Let each pupil find his own height; distance he can 
span with arms outstretched ; span of thumb and fore- 
finger; width of hand and length of forefinger; espe- 
cially, length of step in natural gait, taking the 
average of several steps. 

A line composed of two or more straight lines is 
called a broken line. Draw one from AtoB; also a 
straight one. 

Measure them; see which is the shorter. 

What is a straight line ? 

Make and name the different kinds of lines. 

No time will be lost, if two or three weeks^ are put 
upon this important lesson. 
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LESSON VI. 

When two lines, AB^ A (7, are drawn from the same 
point in different directions, they make an angrle. 

The point of meeting is the vertex, of the angle. 

The difference in direction of the two lines is the 
measure of the angrle. 

If there is but one angle at the point, we can read 
it with one letter; as, Z.A. (Z is read 'angle.') 

If there are two or more angles at the same point, 
we must use three letters to read one of them ; thus, 
Z.BAO^ Z.CAD^ etc., being careful to place as the 
middle letter the one at the vertex of the angle. 

When two lines, AB, CD^ do not meet, we can pro- 
long them until they do meet, if possible; if not, 
draw a line from -4, parallel to (7Z>, and the ZA is 
their difference of direction. 

When a vertical line meets a horizontal line, what 
kind of angles are made? 

When they cross each other, how many right angles 
are made at the point of intersection? 

When a line makes right angles with another, one 
is said to be perpendicular to the other. 

All lines, not parallel, are oblique or perpendicular. 

Draw and name the different kinds of lines. 
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LESSON VII. 

When a point moving in a plane constantly changes 
its direction, it traces a curved line, or curve. 

A straight line can meet or cut another straight line 
in one point only. 

It can cut a curve in at least two points. Try it. 

What is a curve? 

It is a line that constantly changes its direction, or 
it is a line that can be cut by a straight line in at 
least two points. 

The most useful and common curve is the circle. 

Every point in it is equally distant from a point 
within it, called the center. 

It is very easy to describe a circle with the com- 
passes, or with a string and crayon or pencil. 

We have only to make a point move around another 
point which is fixed, keeping always at the same dis- 
tance from the fixed point ; the moving point describes 
a circle. 

The space enclosed by the circle is also called a 
circle. 

A line from the center to any point in the circle 
is called a radius ; as, (7a, (75, etc. 

Name objects of a circular form. All the lines 
you know. 
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LESSON VIII. 

The plural of radius is radii. 

A part of the circumference, as oi, is called an 
arc. It is the measure of the angle made at the 
center of the circle by the radii Ca, Ch, 

Let -BAC be any angle ; A is the vertex, AB and AO 
are the sides. 

The length of the sides makes no difference in the 



size of the angle. 

The sides do not change their direction. 

An angle is measured by the arc of a circle inter- 
cepted by its sides. 

The circle may have any radius whatever, but its 
center must be at the vertex of the angle. 

For convenience in measuring angles, every circle 
is divided into 860 equal parts, called degrees, written 
thus, 860^ 

A degree, then, is simply the 860th part of a cir- 
cumference. 

Draw a circle and a horizontal line PC A through the 
center, C. Draw the vertical line, CQ, 

What part of the circle is intercepted by the radii, 
CA and CQ? 

How many degrees measure the ^ACQI 

What kind of an angle is an angle of 90°? 

How many degrees in the /.ACD1 45°. AACB'i 
22J°. Draw them. 
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LESSON IX. 

Angles less than 90** are acute angles. Acute means 

sharp. 

Make several acute angles; estimate the degrees 
they will measure, then test them with the protractor. 
(Pupil must be told how to make protractor and 

how to use it.) 

An angle greater than a right angle is an obtuse 
angle. 

ZAOR is 135°. Make and estimate several obtuse 
angles. 

To estimate an obtuse angle, imagine or mark ofiE 
the right angle ; then estimate the acute angle left, 
and add it to 90°. 

CP makes an angle with CA of 180°, or two right' 
angles. That is, the opposite of any direction takes half 
of a circle, or 180°, sometimes called a straight angle. 

What is a right angle? An acute? An obtuse? 

For greater accuracy of measurement, the degree 

is divided into 60 equal parts, called minutes, written 

60'. The minute is divided into 60 equal parts, called 
seconds, written 60". 

Draw several radii of a circle. 

Name two angles that together make a right angle. 
Three. 

Name the angles that together make two right angles. 

When a straight line meets another straight line 

so as to make two angles, the angles are called 
adjacent angles. 



LESSON X. 

A vertical line meets a horizontal line, making two 
adjacent angles ; what is each angle called ? What is 
their sum? 

When an oblique line meets a straight line, what 
is the sum of their adjacent angles ? Prove it. 

A vertical line crosses a horizontal line ; how many 
angles are made ; and what are they ? 

When two lines intersect obliquely, on each side of 
each line are supplementary angles. Name them all. 

Two angles are supplementaiy when their sum is 
180°. 

What must the sum of all the angles made about a 
point be? 

What must be the sum of all the angles on one side 
of a line, the angles having their vertices at the same 
point? 

When two lines intersect, the opposite angles are 
called vertical angles. 

Vertical angles are equal angles. See if you can 
prove it. Number the angles, 1, 2, 3, 4. 

Angle 2 and angle 1 make 180°. Angle 2 and angle 
8 make 180°. What can you say, theii, of angles 8 
and 1? 



LESSON XI. 

Draw a right angle. Divide it by a line from the 
vertex. 

Each of the angles, BAC^ OAp^ is the complement 
of the other. ^ 

To find the complement of an angle, subtract it 
from W. 

To find the supplement of an angle, subtract it 
from 180°. 

Draw an acute angle. Make its supplement. (Con- 
tinue either side beyond the vertex.) 

Draw an acute angle. Make its complement. 
Draw a line through the vertex ± to either side. 
(± is read 'perpendicular.') 

Make an angle. Make another equal to it. (Verti- 
cal angles.) 

What is the supplement of an angle of 26**? 76°? 
100°? 

What is the complement of an angle of 20° ? 45° ? 
60°? 22 J°? 

Define and illustrate: 

A right angle. Vertical angles. 

An acute angle. Adjacent angles. 

An obtuse angle. Supplement of an angle. 

Complement of an angle. 

Two angles at the same vertex, having one side 
common, are adjacent angles, but not necessarily sup- 
plementary or complementary adjacent angles ; to be 
such, their sum must be 180° or 90°. 
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LESSON XII. 

Draw two intersecting lines ; mark the equal angles, 
1, 1, 2, 2, or with colored crayons. 

Draw two other intersecting lines ; mark the angles, 
a, 6, <7, d. 

Write equal angles thus : 

Draw three oblique lines through a point; mark 
equal angles, 1, 1, 2, 2, 3, 3. 

Draw the same and mark the angles, a, a, 6, J, c^ c. 

Again draw the same ; mark the angles in order, a^ 
4, c, d, e, /. 

Express the equality of the vertical angles, thus : 

Za = Z; Zb = Z; etc. 

Write the sum of two angles equal to the sum ol 
two other angles, all possible cases, thus: 

Aa-\'b=A -\- ; Ab-\'C=A -\- ; etc. 

Write the sum of three angles equal to the sum oJ 
three other angles, all possible cases : 

Aa-\-b-{-c=A 4- -|- . 

Express that the sum of three of the angles is equal 
to 180% all possible cases. 

If the sum of any two of the angles having a 

common side is 100% what is the measure of the angle 

on either side of them? 
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If any angle is 45°, what is the sum of the two 
angles next to it? 

Change the position of the lines, letters, and num- 
bers, in several examples, until the equal angles are 
easily recognized. 



LESSON XIII. 

Draw a line intersecting obliquely two parallel lines 
(oalled a secant line, or transversal). 

How many angles are formed? 
Since the parallels have the same direction, how 
many different angles are formed? 

Letter the angles, a, 6, (?, d, and e, /, g^ h. 

Name four angles equal to each other. Four others. 

For convenience of reference, these angles are 
called : 

If within the parallels, interior angles. 
If without the parallels, exterior angles. 
Read the exterior angles ; the interior angles. 

If on the same side of the secant line, not adjacent, 
any two angles are called opposite angles. 

On each side of the secant line, we have, then : 
Opposite interior angles. Name them. 
Opposite exterior angles. Name them. 
Opposite exterior and interior angles. Name tlj^ftrca., 
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Two angles, not vertical, not adjacent, and not on 
the same side of the secant line, are called alternate 
angles. Name them. 

Alternate angles are either exterior, or interior, or 
both. 

Any two of the angles in this lesson are equal, or 
else their sum is 180®. 

Tell what is true of all the different kinds of 
angles, and why. 



LESSON XIV. 

Draw two parallel lines. 

Cross them with two oblique parallels. How many 
different angles? 

Number them. Letter them. Compare them as 
before. 

Draw parallels as before, cross them with two paral- 
lels, and a fifth line through two points of intersection. 

How many angles ? Number equal angles as before. 

Sum of the angles, 1, 2, 3 ? 

Letter them all with different letters. 

Begin with a, and write all the angles equal to a. 

All equal to 6, t?, etc. 

Sum of angles, a^ b, c? 

Sum of the angles in each triangle? 

Write the angles equal to two others taken together. 
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LESSON XV. 

Make an obtuse angle, sides 1 inch long. A right 
angle, sides 2 inches long. 

Which is the larger angle? 

Make a small acute angle. A large one. 

Draw line AB 2 inches long. At point A make a 
large acute angle, that is, one more than 45% with line 
2 J inches long, AC. 

Join CB, What do you call the figure ABCl 

How many sides has a triangle? 

How many angles? What kind of angles are J., 
B, and (7? 

The triangle ABC is, therefore, called an acute 
triangle. 

What is an acute triangle? 

An acute triangle has all its angles acute. 

The line AB^ on which the triangle rests, is its base. 

We can imagine it to rest on either side, then, called 
the base. 

Draw a line AB 2 inches long. 

At A make an angle a little larger than a right 
angle, -4(7=1 inch. 

Join BC. What kind of an angle is J.? 

Then the triangle is called an obtuse triangle. 

What is an obtuse triangle? 

An obtuse triangle has one obtuse angle. 
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LESSON XVI. 

Make an acute triangle. (Freehand.) 

Make an obtuse triangle. (Freehand.) 

Draw AB 2 inches. -8(7 vertical, shorter than AB. 

Join AC, What kind of an angle is -B? 

Then the A ABC is called a right triangle* 

A is read triangle. 

What is a right triangle? 

A right triangle has one right angle. 

The line AB is the base. What is the base of a 
triangle ? 

The line BC 18 the perpendicular. C is the vertex 
of the triangle. 

The base of a triangle is the side opposite the vertex. 

The line AC is the hypotenuse. It is opposite what 
angle ? 

The side opposite the right angle is always the 
hypotenuse. 

If we call BC the base, what is the perpendicular? 
Hypotenuse ? 

Try to make a triangle with two obtuse angles. 

A triangle with one obtuse angle and one right 
angle. 

One with two right angles. 

Can there be more than one right angle in a triangle ? 



(18) 



LESSON XVII. 

Make an acute angle with 2-inch lines AB and ^(7. 

Join BC for the base. 

Because AB and J. (7 are equal, A ABO is called an 
isosceles triangle. 

What is an isosceles triangle? 

An isosceles triangle has two equal sides. 

If the isosceles triangle is an acute triangle, it may- 
be called an acute isosceles triangle. 

Make an obtuse angle with two equal lines AB^ AO. 
Join. BO. What kind of an isosceles triangle is it? 
An obtuse isosceles triangle. 

Make a right triangle, base and perpendicular equal. 
An isosceles right triangle. 

Cut an isosceles triangle out of paper ; fold it on a 
line through the vertex and the middle point of the 
base. 

Compare the angles at the base. 

In a triangle, the angles opposite the equal sides are 
equal. 

The equal angles of an isosceles triangle are always 
acute. Why ? 

Make (freehand) rapidly and name one of each kind 
of triangle you can remember. 
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LESSON XVIII. 

Di-aw a circle with radius of 1 inch. 

Through G draw EC A, EA is a diameter of the 
circle. 

With compasses open to radius, begin at A and walk 
them around the circle, finding the points -B, i>, E^ F^ 
Gr. Join O to each point. 

Into how many equal parts, or angles, is the cir- 
cumference divided? 

What part of 360** is ZBCA? 

How many degrees? Draw line from A to B. 

A line joining two points of the circumference is 
called a chord. 

Then AB is the chord of 60^ 

Compare AB with OA. Are they equal ? There- 
fore, the chord of 60° is equal to radius. Of any 
circle? Try it. 

Draw 2-inch line AB, With A and B as centers, 
and radius AB^ describe arcs, intersecting in 0. Join 
^(7 and BO. 

What can you say of the sides of the A ABO? 

Then it is an equilateral triangle. 

What is an equilateral triangle? 

An equilateral triangle has its sides equal. 

What can you say about its angles? 

An equilateral triangle is equiangular. 

Draw line AB with A as center, and different radii ; 
describe several arcs. Lay off angles of 60° on each 
arc. Does the length of the radius make any difference 
in the size of the angles? 
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LESSON XIX. 

Make two unequal acute angles, A and B. Which 
is the greater? 

With A and B as centers, and radius less than the 
shortest side, cut the sides of the angles with the arc 
of a circle. 

Which angle stands on the larger arc? 

Make a triangle, sides 2 inches, 2J inches, and 8 
inches. 

See if you can make another different triangle, with 
the same lines. 

Only one triangle can be made with the same three 
lines. 

The triangle has no two sides equal, and therefore it 
is called a scalene triangle. 

Define a scalene triangle. 

A scalene triangle has no two sides equal. 

Observe: The greater side is opposite the greater 
angle. 

Prove it. Measure the arcs of a circle with same 
radius, from each vertex. 

Make a paper triangle of the same size ; compare the 
angles by folding. 

The longest side is shorter than the sum of the other 
two. Why? A straight line is the shortest distance 
between two points. 

A scalene triangle may be an acute triangle. 

Can it be a right triangle? An isosceles? Why 
not? 

Can it be equiangular? Why not? 

Draw, freehand, and name all the different kinds of 
triangles. 
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LESSON XX. 

Make two equal angles about 50"" each; side AB 
of one, and DJS of the other, 2^ inches ; sides AC and 
DF 2 inches each. Draw J5(7 and JEF. 

The A ABO and DFF are equal in all respects. 
Because, 

(1) We have made two sides and the included 
angle of one equal to two sides and the included 
angle of the other, each to each. 

(2) Put the vertex D upon vertex A; side DF 
upon side A8, and as they are equal, the point F will 
fall upon B. 

As the angles A and D are equal, the side DF will 
take the direction AC^ and F will fall upon G, because 
AC and DF are equal. 

FF and BO must then coincide; for only one 
straight line can be drawn between two points. 

The angles opposite the equal sides are equal. 
Therefore, 

Case I. When two triangles have two sides and 
the included angle of the one equal to two sides and 
the included angle of the other, each to each, the 
remaining parts are equal, each to each, and the tri- 
angles are equal. 

Make ajijAABC. Extend the sides AB and CjB, 
making BF equal to BO, BD equal to BA. Join DF. • 
Prove DF is equal to J. (7. (Case I.) 
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LESSON XXI. 

Make a /^ABO. Draw BE equal to AB. At B 
make an angle equal to /.A. At B make an angle 
equal to Z.B. Sides intersect at F. 

The ABEF will be equal to the A ABC. For, 

(1) We have made two angles and the included side 
of one equal to two angles and the included side of 
the other, each to each. 

Place BE upon AB. As ZB equals Z JL, BF takes 
the direction AC^ and F must fall in the line AC. 

As Z E equals Z B^ EF takes the direction J5(7, and 
F must fall in the line BC. 

•As F can be in both lines, AG and j?(7, only at their 
intersection, (7, the triangles are equal. 

BF=AC, EF=BC. Why? Therefore, 

Case II. When two triangles have two angles and 
the included side of the one equal to two angles and 
the included side of the other, each to each, the 
remaining parts will be equal, and the triangles are 
equal. 

Make any A ABC Extend sides AB^ CB, On 
extension of AB^ take BB=AB. 

(1) From B draw a parallel to (74, intersecting CBy 
produced at E. 

Are the triangles equal? Why? (Case 11.) Name 
equal parts. 

(2) Make any A ABO. At A and B make ZBAB 
= ZBAC, ZABB=ZABC. 
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AB separates the triangles. Are the triangles equal ? 
Why? Name equal parts. 

(3) Make any A ABC. At B make ZABB^ 
ZABO. TBkeBB=:BC. Join ^D. 

Are the triangles equal? Why? Name the equal 
parts. 

With base, AB^ 3 inches, make any kind of a A ABO. 
If AB represents 120 feet, yards, or rods, how many 
feet, yards, rods, will one inch represent ? 40, which is 
called the reducing: factor. 

How many to J inch ? ^ inch ? ^ inch ? 

And 20, 10, and 5 are reducing factors for their scales. 

Distance of C from A and B? Make a A ABO. 
AB=60 metera. Find AC, BO. 



LESSON XXII. 

Surveyor's compass, signal staffs, chain, tape, mark- 
ing rods, and how to use them, can be explained best 
with the objects in hand. Pupils can furnish most of 
them, good enough for practical purposes. 

To find a perpendicular to a line in the field, nail 
to top of a staff a block 4 inches square, 2 inches thick, 
with fine saw cuts through its diagonals. 

For angles of elevation, on side at top of staff, fix a 
graduated 4-inch circle. 

A strip 18 inches by 1 inch by J inch, bearing an 
index needle, all centered with circle. 

(24) 



For horizontal angles, the same nailed to top of staff, 
arm bearing sights. 

Teach pupil to set staff vertical with plumb-line. 

In solving the following problems, the pupil should 
be given ample time before receiving assistance. 

Problem 1. 

To find the distance between two objects, one being 
inaccessible, B. 

This is to be solved by the pupil in the field, if 
possible, or in the schoolroom. 

Suppose the two objects are A and J5, a pond 
intervening. 

Take some point C visible to both objects. 

(1) Find the angle CB makes with OA. 

(2) Place a staff at (7, and at a point E^ fixing the 
direction of a line CX^ making the same angle with 
OA that CB does. 

(3) Find angle AB makes with AC. 

(4) Find direction of line AY^ making same angle 
with AC that AB does. In line J. Z place a staff at i>, 
also in line with EC. 

(5) Measure distance from A to D, and the problem 
is solved. Why? 

Problem 2. 

In the same field find the distance of Gr from (7, 
visible from A .and C, and on the same side oi AC 
as B. 

(25) 



LESSON XXIII. 

Problem 3. 

Find the distance between two inaccessible objects, 
C and D, both visible from two points, A and B. 

(1) Begin with J., and with -4, J5, (7, find a point E^ 
on side of AB opposite (7i), as in Problem 1. 

(2) At -B, with -B, (7, i>, find -F in the same way. 
EF=: CD. EF is the only line to measure. 

Let pupil write out the steps taken. 

Problem 4. 

An inaccessible object B is visible from A and JC", and 
the distance from ^ to X is 40 meters ; find AB and XB, 

We can measure AX^ but on account of hill and 
woods we cannot do the field work as before. We 
must plot it on paper. 

Draw AX^ 40 meters to any scale. 

At A we found the Z BAX, 75* 80'. On our plan 
we draw an indefinite line AY^ making with AX an 
angle of 75* 30'. 

At X we find ZAXB is 40°; draw the indefinite 
line XZ, making Z AXZ=Z AXB. XZ and ^F will 
intersect at B. AB=AB. XB=XB. Both can be 
measured -to same scale as AX. 

Problem 5. 

Find distance between two inaccessible objects, both 
visible from A and J?, 60 rods apart. 

(26) 



No field work is possible, except taking all the 
angles as in Problem 3. We must plot it. Draw AB 
to any scale, find HFy measure it to the same scale. 



LESSON XXIV. 

Draw a right A ABC. Extend base to M 

The ZUBO, formed outside of the triangle by pro- 
ducing a side, is called the exterior angle of the triangle. 

With same radius at each angle, describe arcs at A 
and O, measuring them, and a semi-circumference at J9, 
including angles at B. 

With the compasses, see if the sum of the arcs at A 
and O is equal to arc of exterior angle. 

Cut a paper right triangle. Fold the vertices on the 
right angle. 

Do they both together make a right angle? 

Then, what is the sum of the three angles of a right 
triangle equal to ? 180^ or two right angles. 

Draw an equilateral A ABO. Produce the base to H. 

Strike arcs at the vertices in the triangle as before; 
on arc of exterior angle take the chords of the non- 
adjacent angles. 

In this case we know the exterior angle is equal to 
the sum of the two non-adjacent angles, for the angles 
of the triangle are each 60", and the exterior angle 
is 120^ 

Draw a scalene triangle. Produce one side as before. 

(27) 



Compare arcs of non-adjacent angles -with arc of 
exterior angle. 

Make a paper scalene triangle. Fold the vertices to 
a point in the base. Is their sum equal to 180**? 

What is the sum of the exterior angle and its adjacent 
angle ? 

What, then, is the sum of the three angles of any 
triangle ? 
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LESSON XXV. 

Review Lesson XIV. 
Draw any scalene triangle. 

Problem. 

The sum of the three angles of a triangle is equal to 
two right angles. 

Solution. 

Letter the triangle, and produce the base to 2). 

(1) The exterior angle and its adjacent angle 
together equal 180°. 

(2) The exterior angle is equal to the sum of the 
two angles of the triangle, not adjacent. 

Therefore, the sum of the three angles of the tri- 
angle is 180°, or two right angles. Q.E.D. 

A corollary is a proposition that is true, because some 
other proposition is true. 

Pupils must draw several from this problem. 

(28) 



Cor. 1. The acute angles of a right triangle are 
complementary angles. 

If you know one, how do you find the other? 

If you know an acute angle of a right triangle, you 
know all its angles. Why? 

Acute angle is 30**, the other isi ? 

Each angle of an isosceles right triangle is ? 
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LESSON XXVI. 

Cor. 2. Each angle of an equilateral triangle must 
be ? 

Cor. 8. In any triangle the sum of any two angles is 
the supplement of the third angle. 

Cor. 4. Any angle of an isosceles triangle given^ how 
are the others found ? 

Angle at vertex is 40°, angles at the base are ? 

Angle at base is 50% other angles are ? 

If you know an acute angle in a right triangle, in an 
isosceles triangle, or in an equilateral triangle, you can 
easily find the other two. Tell how in each case. 

In a scalene triangle, knowing one angle, what can 
you find? 

In a scalene triangle, knowing two angles, what can 
you find? How? 

One angle of a right triangle is 50°, what are the 
others ? 

(29) 



Angle at vertex of isosceles triangle is 47® 60', angle 
at the base is ? 

Angle at base of isosceles triangle is 72® 40', angle at 
vertex is ? 

An angle of a scalene triangle is 37® 60', sum of the 
other two is ?, 

Sum of two angles of a triangle is 124® 67', the third 
is ? 

Pupils should make many similar questions for class 
to solve. 

LESSON XXVII. 

The relation of 2 to 4 is the same as the relation of 
1 to 2. That is, 2 : 4 : : 1 : 2, which is read, two is to 
four as one is to two. 

Again, 8 : 6 : : 6 : 10; this is evidently true, for f =2, 
and -1^=2, and we say 3 and 6, 5 and 10, have a com- 
mon ratio. 

That two numbers have a common ratio with two 
other numbers, is generally expressed as above: — 
8 : 6 : : 5 : 10, and the expression is called a proportion ; 
for convenience of reference the numbers are named in 
order, the first, second, third, and fourth terms of the 
proportion. 

A proportion, then, simply expresses the fact that two 
numbers have the same ratio as two other numbers, or 
it is the equality of two ratios. 

In the proportion, 3 : 6 : : 6 : 10, observe that 6x6 = 
3x10. 
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That is, the product of the second and third terms 
is equal to the product of the first and fourth. 

That is true of every proportion, and is the test of 
the correctness of the proportion. 

The product of two numbers is 30; one is 8, what is 
the other? 

If we have 3 : 6 : : 6 : , how shall we find the fourth 
t^rm? 

Make the rule to find the fourth term when you have 
the first, second, and third. 

Try several examples with small numbers. 



LESSON XXVIII. 

Write the numbers, 4, 6, 8, 12, in the form of a 
proportion, in every possible way, testing the correct- 
ness of each form. How many forms? 

The first and fourth terms of a proportion are caUed 
the extremes; the second and third, the means. 

If we have 5 : 10 : : 6 : , how do you find the fourth 
term? 

What is the rule? 

Divide the product of the means by the first term. 

If 3 : 6 : : 16 : 30, is 3 : 15": : 6 : 30 correct? 
Can we write it 15 : 30 : : 3 : 6 ? Then the means 
and extremes can change places. 

the ratios are equal ; 30 and 6 are called the terms of 
the ratio. 

(31) 



A ratio is the quotient of one number divided by 
another of the same kind. 

It is evident we cannot compare dollars with miles, 
lines with surfaces, etc. The terms of a ratio must 
represent quantities of the same kind. 

If we multiply both terms 30 and 6 by the same 
number, whole, mixed or fractional, will the ratio be 
changed? Try it. 

If we divide them by the same number, will the 
ratio be changed? Try it with several examples. 

Therefore, we conclude, we can multiply or divide 
both terms of a ratio and not change its value. 

If we have the proportion |^: J=6: . 

Multiplying terms of first ratio by 6, 3:2=6:4. 



LESSON 

In arithmetic, proportion is made a rule for solving 
problems. The truth is, it is the only method by which 
all practical problems are solved. 

All persons, educated or uneducated, use proportion 
in solving questions, can use no other method. 

The solution of the simplest problems, involving 
multiplication or division, is always by proportion. 

Thus, if 2 apples cost 3 cents, what will 4 cost? 
Apples and cost must have a common ratio, and we say, 
6 cents. 

We do not write it out in set form, but use the 

method, 2 : 4 : : 3 : 6. 
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Again, if 1 apple costs 2 cents, what will 3 cost? 

1 : 3 : : 2 : 6. 

Or, if 2 apples cost 6 cents, what will 1 apple cost ? 

2:1:: 6: 3. 

« 

Though such questions are said to be done by 
analysis, it is really by proportion, the only rule by 
which we do practical questions in arithmetic after we 
have learned notation, numeration, addition, and sub- 
traction. 

It is of the utmost consequence, then, that we 
become familiar with proportion, since it holds the 
same importance in arithmetic that similar triangles do 
in geometry. 

In fact, the problem of similar triangles is only the 
application of proportion to geometrical questions. 
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LESSON 

Draw two parallel lines interaecting obliquely two 
other parallels. Draw secant through two intersections. 

Prove that the two triangles, made by the secant 
within the parallels, are equal. 

And therefore, that two parallels intercept equal por- 
tions of two other parallels. 

There are six parts of a triangle: three sides and 

three angles. 
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Triangles are eqiuil^ if their sides are equal, each to 
each. 

Triangles are similar^ if their angles are equal, each 
to each. 

We will now talk about the greatest, most useful, if 
not the simplest, of all geometrical problems, — The 
comparison of similar triangles. 



Surveyors, engineers, navigators, and astronomers 
have books containing the solutions of all possible tri- 
angles set down in tables especially made for them, and 
when they have a triangle to solve, that is, to find some, 
part of it, they first find three parts of their triangle, 
one of which must be a side, and then compare it with 
the similar triangle solved in the tables. 



Cut three small equal right triangles. Place them 
so as to make a large hollow right triangle of exactly 
the same shape as the small triangle. 

The angles of the large triangle are exactly the 
same as the angles of the small triangle. 

The base of the large triangle is exactly twice the 
base of the small triangle. 

Perpendicular of large triangle is twice the per- 
pendicular of the small triangle. 

Hypotenuse of large triangle is twice the hypote- 
nuse of the small triangle. 

. (84) 



LESSON XXXI. 

Place three more triangles of same size on the per- 
pendicular side of the large triangle. The form or 
shape of the large triangle is exactly the same as 
before. The angles are all equal to the angles of 
the small triangle, each to each. But, 

Base of large triangle is three times base of small 
triangle. 

Perpendicular of large triangle is three times per- 
pendicular of small triangle. 

Hypotenuse of large triangle is three times hypote- 
nuse of small triangle. 

Continuing to add successively four, five, six, etc., 
small triangles to the same side, we shall always have 
large triangles whose sides are four, five, six, etc., 
times the corresponding sides of the small triangle. 

The small triangle and the large triangles have the 
same angles, and their corresponding sides are to each 
other as 2, 3, 4, 5, 6, etc., and they are called similar 
triangles. 

If we take small equilateral, isosceles, or scalene 
triangles, we can build up the large triangles in the 
same way. 
• What are similar triangles? 

Similar triangles have all their angles equal, each 
to each, and their corresponding sides have a common 
ratio. Or, 

Similar triangles have all their angles equal, each to 
each, and the sides about the equal angles proportional. 

(36) 



LESSON XXXII. 

Draw a right triangle. Base 4 inches, perpendicular 
3 inches. Measure hypotenuse ; scale, 6 feet to an 
inch; sides equal ? 

At J inch from angle at the base draw a perpen- 
dicular to the base. 

Is the small triangle similar to the whole triangle? 

Base of small triangle represents how many feet? 

Base of large triangle is how many times base of 
small triangle? 

Perpendicular and hypotenuse of the large triangle 
will be how many times perpendicular and hypotenuse 
of small triangle? Why? 

At every inch in base draw a parallel to perpen- 
dicular. 

We have four triangles with common vertex. Letter 
or number them, and compare sides of any two of 
them, if they are similar, to different scales. 

Problem. 

To find height of flag-staff. 

First method. Place a stake vertically at suitable 

distance from the staff. Find some point on the 

ground, (7, in line with top of staff and stake. Divide 

distance from C to foot of staff by distance from O to 

foot of stake. The quotient is the common ratio. 

Multiply the height of stake by the ratio, and you have 

height of staff. Why ? 

; (86) 



LESSON XXXIII. 

The first method of finding the height of an object 
can easily be applied in the schoolroom. 

Second method. When an object casts a shadow, 
it is easy to make a good approximate calculation of 
its height, near midday. 

Pace the shadow of the object, and compare it with 
your own shadow, knowing your own height. Or, 

Stick a knife into the object at a height you can 
measure or estimate, and compare the distance of the 
knife's shadow from the foot of the object with the 
shadow of the object. 

The first and second methods can be used when the 
object stands on a level or an inclined plane. 

Third method. If the object stands on a level plain, 
at some point (7, take the angle of elevation of top 
of the object, make an equal horizontal angle, the side 
intersecting a line from the object perpendicular to a 
line from C to the object. Perpendicular distance from 
object to intersection is the height required. 

Let pupils estimate heights of neighboring objects, 
trees, schoolhouse, spires, etc., and afterwards measure 
them. Compare results. 

Much time can be profitably given to this problem. 
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LESSON XXXIV. 

The corresponding sides of similar triangles are 
called homologous sides. 

The pupil cannot become too familiar with the 
proposition, that the homologous sides of similar tri- 
angles have a common ratio, or are proportional. 

Equal triangles are only particular cases of similar 
triangles, where the common ratio of the homologous 
sides is unity, or 1. 

Pboblem. 

The distance between two accessible objects, A and 
-B, cannot be measured directly on account of inter- 
vening objects. Find it when A and B are visible to 
each other. 

With two straight edges two feet long, nailed to- 
gether at an angle of 60° standing at -4, fix the direc- 
tion of a line from A making an angle of 60° with AB, 

At B fix the direction of another line making an 
angle of 60° with BA. 

The distance of the intersection (7, of these two 
lines from A or B^ is the distance sought. 

Standing at O^ the straight edges should point to A 
and B. Why? 

It must not be forgotten, that one example made and 

performed by the pupil will be worth more to him than 

any number simply explained by the teacher, however 

ably done. 

(88) 



In addition to accurate field work, and work with 
compasses and ruler, there should be much freehand 
work, thereby cultivating the imagination of the pupil. 



LESSON 

Draw an equilateral triangle. 

Draw a line from vertex to middle point of base. 

Are the two triangles formed equal? 

Are the two angles at the middle point of the base 
equal ? 

What kind of angles are they? 

What kind of a line, then, is the line from the 
vertex? 

As the greater side is opposite the greater angle, 
which is greater, the side of the triangle, or the line 
to middle point of base? 

Then, a perpendicular is the shortest distance from a 
point to a line. 

To divide a line into two equal parts. 

With radius AB^ strike intersecting arcs on each 
side of AB, Join the points of intersection. 

To divide a line AB into two or more equal parts. 

Draw -A (7 making any angle with AB, On AC take 
equal distances, AE^ EF^ FQ-^ etc. 

Join last point with B. Draw parallels through E^ 
F^ 6f, etc. And AB is divided into equal parts. 

Draw a perpendicular from a point to a line AB. 
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With the point as center, describe an arc cutting 
the line in two points. With these points as centers, 
describe arcs intersecting on side opposite the given 
point. 

Draw line from point to intersection. 

Draw a perpendicular from a point in a line. 

Bisect a line. 

If two parallels meet or cross two other parallels at 
right angles, the space included by the four parallels is 
called a rectangle. 



LESSON XXXVI. 

The opposite sides of a rectangle are equal. Why? 

Draw a square. How many right angles has it? 

How does a diagonal divide it? 

What, then, is the sum of angles of either triangle? 

Draw a rectangle. How many right angles has it? 

How does a diagonal divide it? 

What is the sum of the angles of either right 
triangle ? 

Sum of the acute angles of a right triangle equals ? 

Any right triangle may be considered as half the 
rectangle of the same base and altitude. 

Draw a perpendicular from vertex of an equilateral ^ 
triangle. 

Degrees in each angle? Sum? 

(40) 



Draw a perpendicular from vertex of an isosceles 
triangle. 
What can you say of the triangles ? Sum of angles ? 

Draw any scalene triangle with perpendicular from 
vertex on the base. ' 

Prove that the sum of the angles of the whole tri- 
angle is equal to two right angles. 

Therefore the sum of the angles of any triangle is 
equal to two right angles. 



LESSON XXXVII. 
Quadrilaterals. 

A four-sided figure is called a quadrilateral. 
Draw a figure with four unequal sides. (Fig. 1.) 
How many angles has it? 
Are any of its sides parallel? No. 
It is a trapezium. 
What is a trapezium? 

A trapezium is a quadrilateral with no two of its 
sides parallel. 

Draw a quadrilateral with only two of its sides 
parallel. (Fig. 2.) 

How does it differ from Fig. 1 ? 

It is a trapezoid. Define a trapezoid. 

A trapezoid is a quadrilateral with only two of its 
sides parallel. 

(41) 



Draw a quadrilateral with opposite sides parallel. 
How does it differ from Figs. 1 and 2? 

Figure 8 is a parallelogram. 

Define a parallelogram. 

A parallelogram has its opposite sides parallel. 

A quadrilateral is read with four letters at the ver- 
tices, a, J, c, d, or two opposite letters, ac or hd. 

A line joining ac or bd is ca]Jed a diagonal. How 
does it divide the parallelogram? 

The two diagonals mutually bisect each other. 

As the opposite sides of a parallelogram are paral- 
lels intercepted by parallels, how do they compare? 

Draw and name the quadrilaterals you know. 



LESSON XXXVIII. 

How many angles in a parallelogram? 

If each angle is a right angle, it is called a rectangle. 
(Fig. 4.) 

Define a rectangle. 

A rectangle is a right parallelogram. 

Name some rectangular objects you can see. 

If the sides of the rectangle are all equal (Fig. 5), 
what is it? 

Define a square. 

A square is a rectangle with all its sides equal. 

If a parallelogram has an acute angle (Fig. 6), it is 
an oblique parallelogram. Compare Figs. 1, 2, 8, 4, 5. 
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It is called a rhomboid. 

Define a rhomboid. 

A rhomboid is a parallelogram having no right angle. 

If the rhomboid has all its sides equal (Fig. 7), it is 
called a rhombus. 

Define a rhombus. 

A rhombus is a rhomboid with all its sides equal. 

Draw, name, and define all the quadrilaterals you 
have learned. 

Encourage pupils to vary their definitions of the 
different geometrical figures and propositions, criticis- 
ing each other's, many of which will be mathematically 
correct, and help them to decide upon the best as to 
accuracy and brevity. 
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LESSON XXXIX. 

How many kinds of quadrilaterals can you make? 

If the opposite sides of a quadrilateral are equal, 

what do you call the figure? 

How many kinds of parallelograms are there? 

Draw a quadrilateral having three other names. 

What are the four names? 

Draw one with two names. With three names. 

Draw any parallelogram. 

What of its opposite sides? 

Opposite angles? 

What is the sum of any two consecutive angles? 
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How does a diagonal divide it? 

How do both diagonals divide each other? 

The perimeter of a figure is the distance around it, 
or the sum of its sides. 

What must be known to find the perimeter of a 
square? Of rhombus? 

One side of a square or rhombus is 6 feet, perimeter 
is ? 

What must be given to find perimeter of rectangle or 
rhomboid? 

One side is 6 feet, adjacent side 4 feet, perimeter 
is ? 

What must be known to find perimeter of trapezium 
or trapezoid? 

Give examples. 

Quadrilaterals having all their angles equal, each to 
each, taken in the same order are similar, if their 
homologous sides have a common ratio. Pupil can 
prove this, drawing diagonals and comparing triangles. 

Draw a trapezium with two sides equal ; with three 
equal sides. Can you draw one with its four sides 
equal ? 
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LESSON XL. 

In Algebra, numbers are represented by letters, and 
operations by signs as in arithmetic. 

Thus, 2 a means 2 times a, a representing any num- 
ber whatever. 

If the value of a is 5, the value of 2 a, 3 a, etc., 

wiU be 

2a=2x6=10; 

8a=3x5=15, etc. 

a+6a=6a. 8a— 3a=5a. 

8a+4a=7a. 7a— a=6a. 

An expression of the equality of two quantities is an 
equation. 

The quantity on one side of the sign = is a member. 

Quantities connected by the sign plus (+), or minus 
(— ), are terms of the equation. 

The number before a letter is its multiplier or co- 
efficient. 

When a is 6, and 6 is 8, 

4a+26= ? 3a- b= ? 36-4a= ? 
axa=a^^ axaxa=a\ 

The figure at the right and above a letter is its 
exponent, and shows how many times the letter is to 
be used as a factor. 

If a is 5, a2=5x5 = 25. 

a8=5x 5x5=125. 
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a' is read, a second power^ or a square, ofl is read, 
a thirds or a cube. 
If a is 4, and m is 6, 

2a«= ? 4m«= ? 2iii«-a»= ? 

Let pupils make and solve many other examples. 



LBSSON XT.T. 

The lengths of lines may be represented by letters, 
a, 5, etc. 

The product of two lines by two letters, thus, oi, 
ac7, hc^ etc. 

That is, a may represent any number of units of 
length in a line, inches, feet, yards, rods, nnles, meters, 
etc.; b another, and c another number. 

ai means a times I. If a is 6 and b 5, ai= ? 

Let a, 5, and e represent the sides of a triangle ; then, 
m • a, fn • 5, and m • e will represent the sides of all possi- 
ble similar triangles, if we regard m as a multiplier of 
a, 5, and c^ and not as a line. 

=971, — i — = 7?*, = wi. 

a b c 

The sides are homologous because they have a com- 
mon ratio. 

Therefore, if a, J, and c represent the sides of any 

plane triangle that can be imagined, then m-a, m^h^ 

m'C will represent all possible similar tiiangles. 
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If a, 5, and c are 4, 5, and 6, and m is 3, what will be 
the sides of the similar triangle ? 

Give m any value, whole, mixed, or fractional, and 
find other similar triangles. 

If a=5=(?, what kind of a triangle would they 
represent? 

LESSON XLII. 

4x5 _g ^^i 
4 ' a ' 

4x5_. aJ_ 

That is, dividing the product of two factors by one 
of them gives the other. 

If aJ=», then a=^, and 5=^. 

a • 

4x5x6 /; ahc ' abc ahc -, 

4x6 ab DC ac 

which tells us, dividing the product of three factors 
by the product of two of them gives the third factor. 

If ale— p. then a=:^, 6=—, c=^. 
^ be ae ah 

Let 2»r=c, then /•=-r— . 

If Dr=C,then r=£ 

The square root of a^ is a, written thus: 

-y/a^—a, 
(47) 



If a2=9, then Va^=a=V9=8; 
or, a' =9. 

Then a =8. 

Again, pf^=^a^ ^=-9 



and 



or. 






a+& means the sum of any two quantities. 

2a + 2J=2(a+6), that is, the sum of 2a and 25 
equals twice the sum of a and b. 

See if it is true when a =4 and J =6. 

ac+bc=c(^a + b^. Verify it when a=4, 6=6, and 
c=6. 

LESSON XLIII. 

A point moving in one direction describes a straight 
line. 

Now, imagine the whole line to move in a direction 
perpendicular to its own direction. 

What kind of a figure would it describe? 

The space passed over by the line is called the area 
of the rectangle. 

How must the line move to describe a rhomboid? 

Make a square, side 1 inch. It is a square inch. 

When we ask how many square inches in any sur- 
face, desk, slate, pane of glass, etc., we mean how 
many of these little squares would it take to cover it. 
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Draw a rectangle 2 inches by 1 inch. 
How many square inches in its surface? 
Make a square, side 2 inches. 
How many square inches in its surface? 

What is the difference between 2 square inches and 
2 inches square? 

Difference between 3 square inches and 8 inches 
square? Prove by figure. 

How many square inches can you place in a rectangle 
6 inches by 4 inches? 

How many rows? How many in a row? Square 
inches in its area? 

How do you find the area of a rectangle? 

Multiply the length by the width. 

Square inches in a rectangle 2 feet long and 6 inches 
wide? 

Let pupils make many examples. 



LESSON XLIV. 

Side of a square is 6 inches, area is ? 

Multiplying a number by itself is called squaring it. 

If the sides were given in feet, yards, meters, rods, 
etc., then our unit of measure would be a square foot, 
square yard, square meter, etc. 

Find the number of square inches in a square foot. 

Square feet in a square yard. Square inches in a 
square yard. 
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Make the table of square measure. 

How many square inches in your slate? Desk? 
Pane of glass? 

Find square feet in door, floor, ceiling, sides, and 
ends of the room. 

Find area of school lot, common, or field, in square 
yards, rods, metei'S. 

If the sides of a rectangle are a and 5, its area 
equals ah. 

Having the area and one side given, how is the other 
side found? 

The perimeter equals 2(a + 6), or 2a4-2J. 

A has a lot 20 rods square. B has one 25 rods by 16 
rods. 

Which has the most to pay to fence his lot at |1 
a rod? How much? 

Area of square field is 625 square rods, one side 
equals ? 

Pupils should learn to extract the square root to two 
or three places. 

How does a diagonal divide a rectangle? 

The altitude of a triangle is the perpendicular dis- 
tance from its vertex to the base. 

The altitude of a rectangle is its width. 
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LESSON XLV. 

From the vertex of an obtuse triangle draw a per- 
pendicular to the base. 

Construct a rectangle on the same base, including 
the triangle, and having the same altitude. 

The triangle is what part of the rectangle? 

If we call the base 5, the altitude a, and the area p, 
we have for the rectangle, 

No. 1. »=ai. No. 2. a=^. No. 3. 6=-^. 

^ a 

Nos. 1, 2, and 3 are called formulae: that is, they 
are the algebraic expressions for finding the parts of a 
rectangle. Translated or interpreted, 

No. 1 means. Area is equal to product of base and 
altitude. 

No. 2 means. Altitude equals area divided by base. 

No. 3 means. Base equals area divided by altitude. 

For the triangle we have. 

No. 1. »=iai. No. 2. a=^. No. 3. J=^. 

Or, «=-^» and 6=—. 

a 

See if you can translate the formulas into English. 

Draw a rhombus with both diagonals. 

Prove that the diagonals divide the rhombus into 
equal parts, and that the area of the rhombus is one- 
half of the product of the diagonals. 

Diagonals of rhombus are 4 and 6 ; what is the area ? 
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LESSON XL VI. 

Figures having all their sides and angles equal, 
each to each, are equal figures. 

Figures whose areas only are equal are equivalent 
figures. 

What are similar figures? 

Name some of each kind. 

Draw a parallelogram with oblique angles. Its 
name ? 

Cut a paper rhomboid. Draw a perpendicular from 
the obtuse angle at the upper base to the lower base. 
Cut off the right triangle and add it to the other end 
of the rhomboid, so as to make a rectangle having 
the same base and altitude. 

It is evident the area of the rhomboid is the same as 
that of a rectangle with same base and altitude. 

The altitude of a parallelogram is the perpendicular 
distance between its bases. 

The area of any parallelogram is the product of its 
base and altitude. 

Problem. 

If two parallels cross two other parallels at any 
angle whatever, the four parallels will always include 
the same area. Prove it. 

Which will have the least perimeter? 

Parallelograms having equal bases and altitudes are 

equivalent. 
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LESSON XLVII. 

Draw a trapezoid. The nonparallel sides are called 
its legs. Draw a perpendicular to its parallel bases. 
Bisect the legs by a line drawn parallel to the bases. 
It is called the median line of the trapezoid. 

Prove that it is half the sum of the bases. 

Area of the trapezoid is the product of the median 
and altitude. 

Ex. Parallel sides are 13 and 17, altitude 6 ; area of 
trapezoid is ? 

Draw a trapezium standing on the longest side. 

Make a trapezoid and a triangle of it by a line drawn 
parallel to the base. Let fall a perpendicular from 
vertex of triangle to base of trapezium. What lines 
must be known to find the area? 

Or, divide trapezium by a diagonal into two tri- 
angles. Draw their perpendiculars. 

Pupils make examples for solution. 

Plane figures with three or more sides are called 
polygons. 

If the sides are unequal, they are irregular polygons ; 
and to find their area, divide them into trapezoids and 
triangles. 

If the sides and angles of a polygon are equal, it is a 
regular polygon. 
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They are named: 
with 3 sides, a trigon ; 8 sides, an octagon ; 

4 sides, a tetragon ; 9 sides, a nonagon ; 

5 sides, a pentagon ; 10 sides, a decagon ; 

6 sides, a hexagon ; 11 sides, an undecagon; 

7 sides, a heptagon ; 12 sides, a dodecagon. 



LESSON XL VIII. 

How many trigons, or equilateral triangles, can be 
placed about a single point? 

How many tetragons or squares ? Pentagons ? Hexa- 
gons ? Octagons ? Dodecagons ? 

If a floor is to be laid with tiles of a single form, 
what regular polygons may be used? Why? 

What combinations of other geometrical figures may 
be used? 

How many circles can be drawn about a single point? 
Distance apart of the centers of two circles touching 
, each other externally? 

Draw three equal circles touching each other Exter- 
nally. 

Join their centers; what kind of a triangle is formed? 

Draw three circles with different radii, but having 
the same center. 

They are concentric circles. 

Draw two circles cutting each other in two points. 
The line joining the 'points of intersection is a com- 
mon chord perpendicular to their radii. 

(54) 



LESSON XLIX. 

A lot of land is 1 rod square. What is the distance 
around it, that is, its perimeter ? 

Make the square. 

Make another, 2 rods square. 

What is its perimeter? 

What is the perimeter of a square, 3 rods on -a side ? 
4 rods? 

Make all these squares on a small scale in a row, and 
write their perimeters under them, thus : 

4 8 12 16. 
Dividing by 4, the perimeters are as 

12 8 4, 

that is, the perimeters are as the sides. 

A few examples with similar triangles, rectangles, 
and other similar figures, will enable the pupil to dis- 
cover that the perimeters and the homologous sides of 
sinular figures have a common ratio. 

Or, the perimeters of similar figures are to each 
other as any two of their homologous sides. 

Perimeters of regular polygons are as their apothems. 

Perimeters of circles are as their radii. 

Perimeters of similar figures are to each other as any 
lines similarly drawn in each. 

Pupils must see clearly that perimeters are only dis- 
tances, and so are properly compared with lines. 
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LESSON L. 

Draw a scalene triangle resting on its longest side. 

Let fall a perpendicular on the base. What kind of 
triangles are formed? 

Draw another with homologous sides twice as long as 
the sides of the first. 

A perpendicular from the vertex to the base divides 
this triangle into two right triangles. 

Are the right triangles of the second similar to the 
right triangles of the first? Why? 

Draw a square, side 2 inches. 

Another, side 3 inches. 

Their areas are as 2^ : 3^, or 4:9. 

Divide each square into two equal rectangles. 

Are they similar? 

Since each rectangle is half of its square, the areas 
of the similar rectangles are to each other as the 
squares of their homologous sides. Or, 

The squares and the similar rectangles must have a 
common ratio. 

Draw a diagonal in one of the rectangles of each 
square. Are the triangles similar? 

Since the triangles are halves of similar rectangles, 
and all triangles can be divided into right triangles, 
their areas must be to each other as the squares of their 
homologous sides. 

Since similar surfaces can be divided into the same 
number of similar triangles, we conclude that, 

Areas of similar surfaces are to each other as the 
squares of any two homologous sides ; or, the squares 
of any two lines similarly drawn in them. 
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LESSON LI. 

Areas of regular polygons are to each other as the 
squares of their apothems. 

Areas of circles are to each other as the squares of 
their radii. 

Area of a rectangular lot, 10 rods long and 6 rods 
wide, equals ? 

Area of a rectangular lot, 30 rods long and 18 rods 
wide, equals ? 

Are the above rectangles similar? 

What is the common ratio of their homologous sides ? 
Ratio of their areas? 

The ratio of the areas of similar surfaces is the square 
of the common ratio of their homologous sides or cor- 
responding lines. 

Draw a circle, 2-inch radius. Another, 3-inch radius. 

Ratio of their circumference is ? 2:3; which 

means that the first is two-thirds of the second, or the 
second is three-halves of the first. 

Ratio of their areas is ? 2^ : 3^, or 4 : 9 ; which 

means, 

The first is four-ninths of the second, or the second 
is nine-fourths of the first. 

Take the number 10. 
Divide it into equal parts, 

6 X 5 = 25, a square. 
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Divide it into unequal parts, 

4 X 6 = 24, a rectangle ; 
or 3 X 7 = 21, a rectangle ; 

or 2 X 8 = 16, a rectangle. 

How do the perimeters of the above square and 
rectangles compare ? Their areas ? Which shows that 
of rectangles with equal perimeters, the square has 
the maximum area. 



LESSON LII. 

To divide a triangle into 2, 3, 4, or more equal 
parts, by lines from the vertex, 

Divide the base into 2, 3, 4, or more equal parts, 
and draw lines to the points of division. Why? 

The areas of triangles having equal bases are to 
each other as their altitudes. 

The areas of triangles having equal altitudes are 
to each other as their bases. 

The areas of triangles having equal bases and equal 
altitudes are equal. 

Triangles having their base in the same line and 
their vertex in a line parallel to the base, must have 
the same altitude. Why? 

Draw an obtuse triangle ABC^ obtuse angle at B\ 
let fall a perpendicular from C on the base produced. 
Through C draw XY parallel to base. 
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At middle point D of base, draw a perpendicular 
DE. 

Suppose the vertex O moves along XY to J^, what 
kind of a triangle have we then? 

As it moves from E towards X or F, do the sides 
increase or decrease? 

With the same base AB^ two lines drawn from A 
and B intersecting anjrwhere in XY^ always inclose 
the same area. Why? 

Which of the triangles has the least perimeter? 

The two lines might be drawn to intersect at the 
same distance on the other side of AB, 

We have two lines, then, parallel to AB^ at any 
point in which two lines may be drawn to A and B^ 
and the triangles so formed will all have the same 
area. Why ? 
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LESSON LIII. 

Where can you place a point in a plane and always 
have it at the same distance from a fixed point? 
Therefore we say. 

The circumference of a circle is the locus of a point 
that is always at the same distance from another fixed 
point. 

In like manner we can say. 

Two parallel lines are the locus of the intersection 

of two lines drawn from the extremities of a given 

line so as always to include the same area. Why? 
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Ex. 1. I wish to inclose 40 square rods in form of 
a triangle, the base to be 10 rods long. Where must 
the vertex be to take the least fence ? 

Ex. 2. A triangular lot contains 1000 square feet; 
one side is 60 feet long. What is the length of the 
homologous side of a similar triaugle containing 4000 
square feet? 

Ex. 3. A rectangular field contains 100 acres ; one 
side is 80 rods long. How many acres in a similar 
field, with homologous side twice as long? 

The surfaces of spheres are similar, and they are 
to each other as the squares of their circumferences) 
or as the squares of their diameters. 

Ex. 1. A ball is 3 inches in diameter ; another is 
6 inches. How do their surfaces compare? 

Ex. 2. Call the earth 8000 miles in diameter, and 
the moon's diameter 2000 miles. How do their sur- 
faces compare ? 

LESSON LIV. 

Draw a right triangle, base 4 inches, perpendicular 3 
inches. Measure the hypotenuse. It is 6 inches. 

Make squares on the legs and hypotenuse of the 
triangle. 

Divide each of the squares into square inches. 

See if the sum of the square inches on the legs is 

equal to the square inches on the hypotenuse. 
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It ought to be so, Tjecause 

32+42=52, or 9+16 = 26. 

Therefore, to make a right angle, such as the car- 
penter uses to make a square corner, we can nail 
together two straight edges so that a point 3 feet on 
one edge, and another 4 feet on the other edge, from 
the angle, shall be just 5 feet apart. Or 6, 8, and 10 
feet, such as the builder uses. 

Draw a square. 

Draw another on its diagonal. 

Show that the square on the diagonal is twice the 
original square. 

If we have two equal ratios, say, f =f , then 62=4 x 9. 

Again, if we have 

48=12x4 

and 36 = 12x3 

then will 84 = 12x7 

or 84=12 X (4+3). 

Let the pupil see clearly how 12x4 and 12x3 are 
added. 

Make other examples. 
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LESSON LV. 

If two right triangles have an acute angle in each, 

equal to each other, all the other angles are equal, each 

to each, and the triangles are similar. 
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Draw a right triangle ABC^ standing on the hypot- 
enuse AB. 

We will call the sides opposite the angles J., 5, 
and (7, a, J, and (?, respectively. 

From the right angle C draw a perpendicular CD to 
the base AB. It divides the base c into two parts, 
called segments. 

The segment about Z A^ we will call x^ the other y. 

Then x-\-y = c. 

We now have three right triangles to compare : the 
large triangle and the two small ones. 

Are they similar? Why? 

We will consider only the homologous sides about 
the angles A and B. 

Write them in pairs. 

The homologous sides of ADC and ABC are J, Xy 
and (?, b. 

The homologous sides of BDC and ABC are a, y, 
and (?, a. 

The homologous sides have a common ratio; then 

-=-9 or o^=:cxx, 

C 

and - = y^ or a^zmcxy. 

c a 



Adding, we have a^+i^=(i(x+y^^ 
or a^-\-b^=<^^ as x+y=:c. 

Hence, the square on the hypotenuse is equal to the 
sum of the squares on the base and perpendicular. 
This is called the Pytbagorean proposition. 
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LESSON LVI. 

If a, 6, are the sides, and c the hypotenuse, then 
e^=a^-\-h^^ or (?=Va2+62. 

that is, the hypotenuse is equal to the square root of 
the sum of the squares of the sides. 

Ex. 1. Sides are 18 and 24 ; what is the hypotenuse ? 

Ex. 2. A ladder placed 12 feet from a house reaches 
a window 16 feet from the ground; length of ladder 
is ? 

Find diagonal of the room ; of the side ; of the end. 

Show that the diagonal of the room is the square 

root of the sum of the squares of its three dimensions. 

Ex. 3. Area of a square field is 400 square rods ; 
length of diagonal ? 

a2+S2=c2^ 

then d?=<^—h\ and 1fl=(^—a^i 

and to find a and J, we have 

a=-y/<^—h^ and 6=Vc2— a^. 

That is, to find either side. 

Extract the square root of the difference between 
the square of the hypotenuse and the square of the 
other side. 

Ex. 4. Hypotenuse is 100, base is 80 ; other 3ide 

is ? 
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Ex. 6. How far from a house may a ladder 30 feet 
long be placed to reach a window 24 feet irom the 
ground ? 

Pupils can easily make other examples for the class. 

Since the areiis of similar surfaces are as the squares 
of their homologous sides or lines, the Pythagorean 
proposition is true for any similar figures drawn on 
the sides of a right triangle : similar triangles, rec- 
tangles, regular polygons, circles, and semicircles. 

Try equilateral triangles and compute their areas. 

Ex. 6. The area of a right triangle is 384 square 
yards, and half of the base is 16 yards; hypotenuse 
and perpendicular are ? 
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LESSON LVII. 

Take any three points -4, B^ (7, not in a straight 
line; draw AB and BO. 

At the middle point of each line draw a perpen- 
dicular. They will intersect at JE; with J^ as a center, 
and radius JEA^ describe a circle. Will it pass through 
points B and C? Prove it. 

A circle can always be made to pass through three 
points not in a straight line. 

Therefore, to find the center of a circle when the 
circumference, or an arc is given, 



Take three points in the arc or circumference ; draw 
chords AB and BC: the intersection of the perpen- 
diculars from their middle points will be the center. 

A perpendicular from the middle point of a chord 
of an arc passes through the center. 

In the same circle equal chords are equally distant 
from the center. 

An angle at the center of a circle is measured by 
the whole of the arc on which it stands. 

An angle with vertex in the circumference is called 
an inscribed angle. 

It is measured by half of the arc on which it stands. 

Show that is true by inscribing a hexagon, an equi- 
lateral triangle, and a square in a circle. 

Also give the general proof thus : 

From a point in the circumference draw a diameter 
and a chord; draw a radius to end of chord. 

The inscribed angle is half the angle at the center ; 
hence it is measured by half its arc. 

If the inscribed angle includes the center, draw a 
diameter from the vertex, and the proof is obvious. 

If the center is outside of the angle, draw the 
diameter as before, and see if you can prove it. 
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LESSON LVIII. 

Connect the extremities of a diameter with any point 
in the circumference of a circle. 

What kind of an angle is formed? Why? 

Two lines drawn from the extremities of a given 
line on either side of it intersect at right angles. 
What is the locus of their point of intersection? 

Ex. 1. How does a line from the vertex of a right 
angle to the middle point of the hypotenuse compare 
with the hypotenuse? 

Ex. 2. How does the radius of its circumscribing 
circle compare with the hypotenuse of a right triangle ? 

A secant is a line cutting the circumference in' two 
points. 

A cbord divides a circle into two segments, a less 
segment and a greater segment; unless it becomes a 
diameter dividing the circle into semicircles. 

A chord subtends the arc of its segment. 

The angle inscribed in a segment is measured by 
half the arc of the other segment. 

All angles inscribed in the same segment are equal. 
Why? 

Then an arc of a circle is the locus of the intersection 
of two lines drawn from the extremities of a given 
line, always making the same angle with each other. 

Since the lines may intersect on either side of 
the given line, the locus is a double segment, and the 
given line is a common chord of two equal intersecting 
circles. 
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LESSON LIX. 

To draw a pei*pendicular at B^ in line AB. 

At (7, a little distance from AB^ nearer B than J., 
with radius (7B, describe a circle cutting AB in D. 
Draw 2) (7, cutting the circle in E. BJE is the direction 
of the perpendicular. Why? 

Draw any quadrilateral in a circle. Is the sum of 
its opposite angles equal to two right angles ? Why ? 

When the sum of two of the opposite angles of a 
quadrilateral is equal to two right angles, it can be 
inscribed in a circle. 

How would you find the center of the circle? 

What is the length of the shortest chord that can be 
drawn through a point 4 rods from the center of a 
circle, diameter 10 rods ? 

Tangents. 

Draw a perpendicular to a radius at any point in 
the circumference of a circle. 

It is called a tangent, because it just touches the 
circle without cutting it. Rather, it is drawn through 
two consecutive points of the curve, and shows the 
direction of the curve, which is always at right angles 
to the radius. 

To draw a tangent to a circle from a point outside 

the circle. 

(67) 



From the center (7, draw GA to a given point A, 
At J?, middle point of AC^ describe a circle, with radius 
BC^ cutting the circle in E and F. AB and AF are the 
tangents. Why ? 

Two tangents can always be drawn to a circle from 
a point without. 



LESSON LX. 

Draw a circle with any radius. 

Draw the chords of 60°. 

Name the figure. How many sides has it? Draw 
radii to one side. 

Side subtends an angle at the center of how many 
degrees ? 

All regular polygons can be inscribed in a circle. 

The center of the circle is the center of the polygon. 

To draw a regular polygon, then, step round the 
circle with the chord of the angle at the center, which is 
360° divided by the number of sides of the polygon to 
be drawn. 

The angle made by two adjacent sides of the polygon 
is the supplement of the angle at the center subtended 
by a side. Prove it. 

Join alternate angles of the hexagon. Side is chord 

of ? Angle of polygon is ? What is the 

figure ? 
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Draw a polygon with chord of 30''. Name the fig- 
ure. Angles equal ? 

Show that a polygon can be divided into as many 
triangles as it has sides, having their vertices at the 
center. 

What is the sum of all the angles at the center? 

What is the sum of all the angles of the polygon? 

Produce the sides and show that it is as many times 
two right angles as the polygon has sides less two. 

A perpendicular from the center on a side is the 
apothem. 

The area of one of the triangles is the side multiplied 
by one-half of the apothem. 

The area of the polygon is the perimeter multiplied 
by half of the apothem. 



LESSON LXI. 

Area of the Circle. 

Draw a circle. Inscribe in it a hexagon. 
Draw two radii to one side. Draw apothem of 
polygon to the same side. 

Call the radius 10. Find length of apothem. 
Find area of the triangle. Area = side x J apothem. 
How many such triangles in the hexagon? 
Then, the whole area (J.) of the polygon is 

6 X side x J apothem. 
(69) 



But 6 times a side is the perimeter (P) of the poly- 
gon; therefore, we have for the area of hexagon, 

A — Px^ apothem. 

Produce the apothem to the circumference. 

Draw sides and apothem of a dodecagon. Find 
length of apothem and area of dodecagon. The 
area of dodecagon is greater than the area of the 
hexagon. 

In like manner, if we increased the number of the 
sides of the inscribed polygon to 24, 48, 96, and so 
on, the area of the polygons would be 

A = P X ^ apothem. 

If we should continue doubling the sides of the 
polygon, at last the perimeter of the polygon would 
very nearly coincide with the circumference of the 
circle, and the apothem would become the radius of 
the circle, and like the polygons, the area of the 
circle would be 

J. = circumference x ^ radius. 

Circumference is 3.1416, diameter 1. What is the 
area? 



LESSON LXII. 

Circles are similar surfaces, and their circumferences 
are to each other as their diameters; or the circum- 
ferences and diameters have a common ratio. 
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To find this ratio is a very important problem. 

It is the celebrated problem of squaring the circle, 
which no sane person now attempts to solve. And 
yet it is no more difiBcult than finding the square root 
of 2, which we can imagine perfectly as the diagonal 
of a square, calling the side 1, but cannot express 
exactly in figures. 

With a slip of writing paper, which is better than 
a string, measure very carefully the ends of several 
spools or cylinders of different sizes, and compare their 
circumferences with their diameters. 

You should find the circumference nearly 3^ times 
the diameter. 

More exactly and near enough for all practical pur- 
poses, the ratio is found to be 3.1416. 

It is called tt (Pe), the name of the Greek letter P. 

So TT always stands for the number 3.1416. ir = 3.1416. 

Then for the circle we have, 7rx2>= circumference, 

, ^ circumference 
and D= • 

TT 

As 2>=2r, or diameter equals twice the radius, 
2 7rr = circumference. 

Area = circumference X J r, or 27rrxir=7rr2=area. 

7rr2=area, then r='^ . Read these expressions in 

words. 

Ex. 1. Area of circle, radius 6 feet, is what? 
Ex. 2. Area, radius 12 feet, is what? Compare 
with No. 1. 
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LESSON LXIII. 

How many degrees in a circumference? 

If the circumference is given, how is the length of 
one degree found? 

Call the circumference of the earth 25,000 miles; 
what is the length of a degree of latitude? 10°? 
Width of the temperate zone in miles? 

A sector of a circle is a part of its surface bounded 
by two radii and the arc intercepted by them. 

To find the area of a sector, we must know the 
radius and the angle at the center, or length of the 
arc on which it stands. Area=arcxir. 

Find area of sector, radius 200 feet, angle or arc 30°. 

A part of the circle bounded by an arc and its 
chord is a segment. 

If we know the length of the chord, radius, and ' 
angle at the center, we can find area of the segment. 

First find area of the sector of which the segment 
is a part, from that subtract the area- of the triangle 
formed by radii to the chord. 

Draw two concentric circles. 

area of larger • = TriZ^, 

area of smaller =7rr2 ; 

then area of ring =7riZ^— Trr^, 

or =7r(iZ2-r2). 

What is the area of a ring, radius of outer circle 
12 inches, of the inner 10? 
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LESSON LXIV. 

What is a tangent? 

Are the two tangents to a circle from the same 
point equal ? 

Draw any quadrilateral about a circle. Prove that 
the sum of two opposite sides is equal to the sum of 
the other two sides. 

Ex. 1. Radius of a circle is 6 feet. Find length of 
a tangent from a point 10 feet distant from the center. 

Ex. 2. A boy fastens one end of a rope 20 feet 
long to a stake; how large a lot can he walk around 
with the other end? 

Of rectangles of the same area, which has the least 
perimeter?* 

Area of a circle is 400 square feet, what is the 
radius ? Diameter ? Circumference ? 
. What is the perimeter of a square containing 400 
square feet? Which has the least perimeter for the 
same area, the square or the circle? 

Of all figures then, we say, 

The circle has the maximum area with a minimum 
perimeter. 

Ex. 3. A man haying a circular farm of a thousand 

acres, with his house at the center, agreed to give to 

each of his three sons a farm if they would divide it 

as he directed. They must reserve for him the largest 
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triangle that could be made in the circle ; their farms 
must be of the same size and shape, and two touch 
each other and his at each corner; they must build 
a house on their farm at the nearest point to his. 

How many acres did he reserve? How many did 
a son receive ? Distance of their houses from his and 
from each other? Shortest distance from their house 
across their farm? Longest distance on each farm 
from the house? 
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LESSON LXV. 

If you cast the shadow of a circular hoop or ring 
on the wall in one position, it will be a circle ; revolve 
the ring slowly on a diameter, and the shadow will be 
a succession of beautiful curves, growing gradually 
narrower, until it becomes a straight line. 

This flattened curve is an ellipse. It is a curve of 
very great importance in geometry, in art, in engineer- 
ing, and especially in astronomy; for the earth and 
other planets, in their revolution around the sun, 
describe ellipses. 

Fasten with pins the ends of a string, a little longer 
than the distance of the pins apart; with the point 
of a pencil, keeping the string constantly stretched, 
you can describe an ellipse. 

The points made by the pins are the foci. 

Midway between the foci is the center. 
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The longest diameter through the center and foci 
is the major axis. 

The shortest diameter is the minor axis. 

All chords through the center are diameters. 

The distance of a point in the curve from a focus 
is a radius vector. 

From the method of drawing an ellipse, it is evident 
it is a curve, the sum of the distances of any point in 
which to the foci is always the same. 

The sum always equals the major axis. 

The distance from the center to a focus is the 
linear eccentricity. When it is zero the ellipse 
becomes a circle. 

Draw several ellipses with different eccentricities. 

Let semi-major axis =a, semi-minor axis =6; then 

area of ellipse is 

Ar=7Tab. 

For ellipses of small eccentricity, the perimeter is 

nearly 

P=27rVa6. 



LESSON LXVI. 

K two boys hold a string longer than the distance 
between them, and a third boy keeping the string 
stretched and slipping through his fingei^s, walks 
around them, what is his path? 
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How much space will he walk around if the string 
is 10 feet long, and the boys stand 8 feet apart? 

The distance from the end of the minor axis to the 
foci must be what? 

There are two other curves related to the circle 
and ellipse, called parabola and hyperbola. 

The four are called conic sections. Because they 
can all be made by cutting a right cone properly. 

If the cone be cut by a plane parallel to the base, 
the section is a circle. 

Cut through the cone obliquely, the section is an 
ellipse. 

A section parallel to a side is a parabola. 

A section parallel to the vertical axis is an hyper- 
bola. 

A section inclined to axis, not an ellipse or parab- 
ola, is an hyperbola. 

It will not be time lost if the pupil cuts a cone 

from a potato or turnip, and makes the conic sections. 

A spiral is a curve that starts from a point and 
goes round and round, constantly getting farther and 
farther from the starting-point, never returning into 
itself. 

Of all these curves only the circle is treated of in 
common geometry, though there is no good reason 
why the rest should not be studied by pupils of 
average ability. 
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LESSON LXVII. 

If tlie sides of a rectangle are 6 and 12, then 2, 3, 
4, 6, etc., times 6 and 12, or |^, |^, etc., of 6 and 12 
will be the sides of similar rectangles. Why? 

Equal multiples of quantities have the same ratio 

as the quantities themselves. 

Let a and b represent the sides of any rectangle 
that can be imagined. 

The area of any rectangle is 

A=ab. 

Let m be any number, whole or mixed, or a frac- 
tion ; then, m • a and m • b will represent the sides of 
all rectangles similar to the rectangle ab. 

The area will be 

or A=m^'ab. 

The ratio of these areas is 

rrfi' ab « 
; — =m^ 

ah 
The ratio of the homologous sides is 

m- a 



a 



=w; 



then, the ratio of the areas of similar rectangles is 
the square of the ratio of their homologous sides. 



^»»»^ 



Or, square the homologous sides a and m • a ; we 
have a^ and w^ • a^ ; comparing them, we have 



a2 



= m2; 



that is, the areas of similar rectangles and the squares 
of their homologous sides have a common ratio. 

In other words, the areas of similar rectangles are 
as the squares of their homologous sides. 

Substitute in the above statements, surfaces for rec- 
tangles, and lines for sides, and they will be true for 
all similar plane figures. 

If a, 5, c are the sides of a triangle, what kind of 
a triangle will it be if a2=J2+c2? If a, 6, e are all 
equal? If they are unequal? If only two of them 
are equal? 

a, 6, c are the sides of any triangle whatever ; then 
wi • a, m . 6, m* c are what? 

Can either side of a triangle be greater than the 
sum of the other two? 
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LESSON LXVIII. 

How many lines can you draw to pass through 
one point in a plane /^ To pass through two points? 

We can imagine a line drawn through the center 
of a sphere. 

Lines could be drawn from every point of the sur- 
face through the center; that is, lines can be drawn 
in every possible direction through a point in space. 
The lines are not limited to a single plane. 

Take a call-card; place a point in the center. The 
point is in the plane ; or, we may say, the plane 
passes through the point. 

The plane may be revolved about the point in any 
direction, being a different plane really every time it 
moves ; and so any number of planes may be made to 
pass through a point. 

Divide an orange or apple into halves. Imagine a; 
line from the stem through the center ; put the halves 
together, pass another plane through the line at right 
angles to the first plane. 

As both planes pass through the center and stem, 
their intersection must be the line through the cen- 
ter, called an axis of the sphere. 

Can other planes be passed through the axis ? 

Then, neither one point, nor two points, nor a line 
can fix a plane in one position, or, as we say, can 
determine a plane. 
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Take a third point on the surface not in the axis. 
Can you pass more than one plane through it and 
the center and stem? Then three points not in the 
same line determine a plane; or, one plane can always 
be made to pass through three points taken anywhere 
in space. 

For we can imagine any two of them connected by 
a line ; through it pass a plane, and revolve it until 
it includes the third point. 



LESSON LXIX. 

Name some planes in the room that intersect in a 
straight line. 

What kind of an angle do the sides of a cube or 
the room make? 

An angle made by two planes is a dihedral angle. 

As with plane angles, dihedral angles may be acute, 
right, or obtuse, complementary or supplementary. 

For, planes may be parallel, perpendicular, or oblique 
to each other. 

A line also may be parallel, perpendicular, or 
oblique to a plane. 

Draw a diameter across each of two call-cards, each 
diameter perpendicular to the edges of the card. 

Make a dihedral angle, placing the cards with 

diameters meeting at the edge or intersection of the 

planes; the angle made by the perpendiculars is the 

dihedral angle made by the planes. 
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When two planes come together or intersect, the 
dihedral angle is the angle made by two perpendicu- 
lars to their intersection, one in each plane drawn 
to the same point. 

When a plane intersects two parallel planes, the 
lines of intersection are parallel. Point out cases in 
the room, in the cube, etc. 

Open the book to different dihedral angles. 

When three angles, or three planes, make a solid 
angle or corner, it is called a trihedral angle. Are 
there any in the room? 

In the cube? Mention many. 

What kind of angles make the solid angle or cor- 
ner of the room? 

Can you make a solid angle with four right angles ? 

A solid angle made by three or more planes is a 
polyhedral angle. 

Cut four equal equilateral triangles. Can you make 
a solid of them? How many faces has it? Edges? 
Polyhedral angles? Are they equal? Are the faces 
equal? It is a tetrahedron. 

It is one of five solids called regular polyhedrons. 



LESSON 

A regular polyhedron has all its solid angles formed 
by the same number of equal regular polygons. They 
can each be made with a single piece of paper, properly 
cut and folded. 

Draw the four equal equilateral triangles, and fold 
them into the tetrahedron. Or, 

Draw on thick cardboard an equilateral triangle, 
side 2 inches. 

Join middle points of sides. Cut out the triangle 
and cut half through the median lines and fold into 
tetrahedron. 

Drawing the faces of a polyhedron in one figure, 
so as to fold it into the shape of the solid, is developing 
the surface of the solid. 

The next is the hexaliedron, a regular solid with 
six equal faces, each a square. Have you ever seen 
one ? How many corners has it? Edges? What is its 
common name ? Develop its surface ; cut and fold it. 

Draw a rectangle 4 inches by 1 inch. Divide into 
four squares. On each side of the second square draw 
another. Cut and fold. 

Each corner of the cube is a tri-rectangular tri- 
hedral angle. For three right angles make the solid 
angle. 

Make a solid angle with four equal equilateral tri- 
angles. Make another. Put them together, making a 
model of a solid. 
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How many faces has it? Edges? Vertices? Is it 
a regular polyhedron? It is an octahedron. 

Draw an oblique parallelogram, sides 3 inches and 
1 inch; acute angle 60°. Divide into six equal equi- 
lateral triangles, side 1 inch. At each acute angle 
on the long side, draw an equilateral triangle on base 
of end triangle. Cut and fold the octahedron. 

Make a solid angle with five equilateral triangles, 
side 1 inch. Make another. Make an oblique parallelo- 
gram, sides 5 inches and 1 inch, acute angle 60°. 
Divide into ten equal equilateral triangles, and cut 
half through the sides. Make a solid of the three. 

How many faces has it? Edges? Solid angles? 
Is it a regular polyhedron? It is an icosahedron. 

Draw the parallelogram of ten triangles as above, 
and on each side five similar triangles. Cut and fold 
the icosahedron. 
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LESSON LXXI. 

Can you make a solid angle with six equilateral 
triangles? Why not? 

Describe a circle, radius 1 inch. Draw the chords 
of 72°. What is the figure ? Cut it out. With it as 
a pattern, cut five others. 

Also mark out an irregular belt of six pentagons 
joined by a side. 

Make a solid angle with three of the pentagons. 
Make another with the other three. 
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Make a polyhedron of the belt and the two solid 
angles. How many faces has it? Edges? Solid 
angles ? 

It is a dodecahedron. 

Another way to make it : draw a regular pentagon ; 
draw a similar one on each side of the first by pro- 
ducing the sides of the first each way with dotted 
lines until they intersect; the dotted lines are the 
bases of isosceles triangles : draw the equal sides equal 
to side of polygon. 

These six polygons are half the surface of the dodec- 
ahedron. Cut it out. Cut another and make the 
solid. 

To develop its surface, draw six pentagons as above ; 
take the side of one; produce its adjacent sides with 
dotted lines to their intersection : the dotted lines are 
bases of isosceles triangles, whose sides are the sides 
of a pentagon. Draw them. 

On side of the last opposite side first taken, draw 
another pentagon as before. On the last draw a pen- 
tagon on each side. Cut and fold. 

Can you make a solid angle using five pentagons? 
Four? Why not? 

Can you make a solid angle with three hexagons? 

Then there can be only five regular polyhedrons. 
Name them. What is a polyhedron? 
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LESSON LXXII. 

A solid bounded by six equal square faces is called 
what ? 

What is a cubic inch? Cubic foot? Cubic yard? 
Cubic meter? Cubic centimeter? 

They are units of measurement of solids or space. 

The inside dimensions of a box are 10 inches x 8 
inches x 6 inches. ^ 

How many cubic inches can be placed on the bottom? 

How many layei-s of 80 will fill the box? How 
many cubic inches, then, will it hold? 10x8x6. 

To find the cubic contents of a box, what must we 
do? 

The volume of a solid is the space it occupies. 

The volume of a room is the space it encloses. 

Find volume of room, 32x30x14 feet. 

How many cubic inches will it take to make a 
cube, side 2 inches? Side 3 inches? 

Solids bounded by rectangles are called rectangru- 
lar parallelopipeds. 

Bricks, blocks of stone, boxes, rooms, etc., are ex- 
amples. ^ 

To find their volume, we multiply the product of 
length and width by the height or thickness. Thus, 
if the three dimensions aie a, 6, c, the volume is 

V=abc; 

n V h V . ^ 

DC ac ao 
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Read the formulas in words. 

w • a, w • 6, m • c, will be the dimensions of any simi- 
lar solid, m being the common ratio of the homolo- 
gous sides of the solids. 

The volume is V=m • a x m • 6 x w • (?, 
or V^^rrfi'ahc. 

Comparing volumes, 

-^=m8; 

ahc 

that is, 

The ratio of the volumes of similar parallelopipeds 
is the cube of the common ratio of two homologous 
lines of the solids. 

The same is true of all similar solids. 
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LESSON LXXIII. 

Compare the surfaces of three cubes, sides of which 
are 1 inch, 2 inches, and 3 inches. Volumes? 

Which has the greatest surface in proportion to 
its volume? 

Compare two rectangular parallelopipeds, similar, 
and ratio of homologous sides, 2. 

Cut an orange in halves. 

Each half is a hemisphere and is bounded by two 
surfaces; a plane one which is a great circle of the 
whole sphere or orange, and a spherical surface that 
is just twice the area of the plane surface. 
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Cut a half into quarters. 

How many surfaces has the quarter? 

The area of the spherical surface of the quarter is 
the area of a great circle. 

Area of each plane surface is ? 

Cut a quarter into eighths by a plane through the 
axis as before. 

The three surfaces of the eighth are of equal area. 

To what is each equal? 

As the sphere is divided into smaller parts, we see 
the whole surface increases; and we must conclude 
that 

The smaller the body, or solid, the greater its sur- 
face in proportion to its volume. 

Take two spheres, radii 1 inch and 2 inches. 

Their sui'faces are as 1^:22, or 1:4. 

Their volumes are as 1^ : 2^, or as 1 : 8. 



LESSON LXXIV. 

Cut a sector from a circle. What is its area? 

Bring the radii and ends of the arc together. It 
makes a cooe. 

How would you find the convex surface of a 
cone? 

The radius of the sector is the slant height of the 
cone. 
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The base is a circle, radius r ; 

perimeter of base = 2 ttt, 

area of base =7rr2, 

convex surface of cone =27rr x slant height, 
entire surface = itfi + 2 ttt x A, 

or 7rr(r+2A), 

A = slant height. 

Describe a semicircle with radius \ foot. 

Cut from it a sector of 170°. 

Form a cone with it by lapping the circumference 
at the base 10° or about -^ of an inch. 

(Have the paper firm and glue the edges strong.) 

Make a cylinder open at both ends, 1 inch in 
diameter and 1 inch high. Have a card for loose 
top and bottom to the cylinder. 

Find how many times the cylinder will hold the 
contents of the cone. Use fine sand. 

Put an inch sphere into the cylinder. 

The cylinder will require one volume of the cone 
to fill both ends. Compare the three. 

The volumes of a cone, sphere, and cylinder, of the 
same height and diameter, are to each other as 1:2:3. 

The volume of a cone is J of the volume of a 
cylinder of the same base and altitude. 
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LESSON LXXV. 

A point may trace a line. A line may move over 
a surface. 

So we can imagine a surface to move through the 
space occupied by a solid; the side of a rectangle, 
for example. 

Some familiar solids are solids of revolution. 

If a right triangle revolves about a leg, what solid 
is generated? 

It is a right cone, because its axis is perpendicular 
to the base. 

If a rectangle revolves about a side, it generates 
a cylinder. 

A semicircle revolved on a diameter generates a 
sphere. 

A semi-ellipse revolved on its major axis generates 
an ellipsoid or prolate splieroid. 

Revolved on its minor axis, it generates an oblate 
spheroid. 

Cut a paper rectangle 2 inches by 3 inches. What 
is its area? Make a cylinder of it. What is the 
diameter of the base? Length or height? Area of 
both bases? Convex surface? 

If a. circle moves on a line perpendicular to its plane, 
it traces a right cylinder. 

The volume of the cylinder is evidently the area 

of the base by height of cylinder. 

r=7rr»xA. 
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Wheu diameter and height are equal, we have for 

volume of cylinder, V=27rr^; 
inscribed sphere, V=i',rr»; 
inscribed cone, V=^7rr^. 

All solids similar to the above must have m«r for 
radius of circle. And their volumes would be 

F^=27rm^«r^, etc. 
Compared with the first, 

2 TTW? • r^ o 

—;^ — ^— = ^ ; 

27rr3 
that is, 

The ratio of the volumes of similar solids is the 
cube of the common ratio of their homologous lines. Or, 

Similar solids are as the cubes of their homologous 
lines. 

1. A 3-inch cannon-ball weighs 10 pounds ; a 6-inch 
weighs how much ? 

2. Compare the volumes of two oranges, 2 inches 
and 2^ inches diameter. 



LESSON LXXVI. 

If a surface moves at right angles to its planO) it 
traces a right prism. 

The volume of the prism is 

Area of base x height of prism. 

r=Axh. 
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The prism is called triangular, square, rectangular, 
or polygonal, according as the base is a triangle, square, 
rectangle, or polygon. 

If the base is a circle, what is the prism called? 

A pyramid is cone-shaped, and is called a triangular 
pyramid, a square pyramid, etC;, according as its 
base is a triangle, square, etc., as with the prism. 

What must be the shape of one of its sides? 

How would you find its surface, including the base ? 

aS'= base + perimeter of basex^^ slant height. 

A right cone, pyramid, or cylinder is one whose 
axis is perpendicular to the base. The axis is a line 
from the vertex to middle point of the base. 

Volume of cone or pyramid is 

V=Bx^ altitude, 
or V=Bx^h. 

The altitude of an oblique cone or pyramid is the 
perpendicular distance of the vertex from the base. 

The altitude of an oblique cylinder is the perpen- 
dicular distance between its parallel bases. 

Its volume, V=bxh. 

Ex. 1. Find volume of right cone ; radius of base 
2 feet ; height 12 feet. Slant height. Convex surface. 
Entire surface. 

Ex. 2. Find volume of a triangular prism; height 
10 feet; base an equilateral triangle; side 4 feet. Area 
of lateral faces. Area of bases. Entire surface. 



LESSON LXXVII. 

We found the surface of the sphere equal to iiirr^; 
or, four times the area of the generating circle, 

AS'=47rA 

The volume of the sphere is |7rr^. 

Suppose the sphere to be made up of very small 
pyramids ; that is, their bases making the surface of the 
sphere exceedingly small, with all their apexes at the 
center. 

Then, the sum of the bases of the pyramids is the 
surface of the sphere, 4 ttt^ ; and the height of each 
pyramid is r. 

Therefore the volume of the sphere is 

47rr2x Jr, 
or V=^7rr^. 

Ex. 1. Suppose the earth a sphere with a radius of 
4000 miles. Find its surface and its volume. 

Ex. 2. Two globes have diameters, 4 feet and 6 
feet. Compare surfaces and volumes. 

If a semi-ellipse revolves around its minor axis (26), 
the volume of the oblate spheroid is V=^7ra^b. 
Revolved around its major axis (2 a), the volume 

of the prolate spheroid is V=-^al^. 

o 

Ex. 1. Axes of ellipse are 4 and 6. Volume of prolate 
spheroid is ? Volume of oblate spheroid is ? 
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LESSON LXXVIII. 

If a circle revolves about its diameter (Pp) and 
points J., -B, (7, 2), . . ., P, be taken in one quadrant, 
and points 6, c,d^., ., j9, be marked in the other quadrant, 
what will be the paths described by these points? 

Which point describes the largest circle? A is 
equally distant from the poles (Pp) of the axis, and 
the circle it describes is called a ^eat circle of the 
sphere or equator, with reference to the poles P and p. 

All other points from A to P and from A to j9, 
describe smaller and smaller circles on the sphere, 
until we get to P and jt?, which are simply points or 
the ends of the axis of revolution. 

In speaking of the earth, we call them (j9, P) the 
north pole and the south pole. 

Circles made by points between A and P, or A and 
p^ are called parallel circles of latitude, each divided 
into 360° of longitude. 

Great circles through the poles are meridians, and 
each divides the globe into hemispheres. 

Latitude is measured on a meridian from the equator 
to the pole, so there can be only 90° of latitude north, 
and 90° of south latitude. 

Longitude is measured on the equator or a parallel, 
from a meridian 180° each way, or half round the 
sphere. And is called east or west longitude according 
to its direction. 
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The shortest distance between two points on a sphere 
is measured on a great circle through them. 

If we call radius of the earth 4000 miles, how long 
is a degree of latitude? 1 minute? 1 second? 

How long is a degree of longitude on the equator? 
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LESSON LXXIX. 

If a and h represent two numbers, the square root 
of their product Va6 is called the mean proportional 
between a and h. 

Thus, 4x9 = 36, V36=6, and 6 is the mean pro- 
portional between 4 and 9 ; that is, 4 : 6 : : 6 : 9. 

If the upper part of a cone or a pyramid is cut 
off by a plane parallel to the base, the lower part is 
called the frustum of a cone or pyramid. 

The section parallel to the base is a circle or polygon 
similar to the base. 

Surface of the frustum is 

aS'= bases + lateral faces. 
Volume is F=(5+6 + V^BJ) x^; 

that is, the volume of the frustum is equal to the 
sum of the areas of the bases and their mean propor- 
tional, multiplied by \ of its height. 

Thus height of frustum of a cone is 20 feet, radii of 
bases 4 and 9 feet. Volume? 
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Area of lower base = S^xtt 

Area of upper base = 42x7r 

Mean proportional -^(4x9) = 6= B^xtt 
Adding areas =133 xtt 

Therefore, volume is 

133x7rx^= ? 

Ex. 1. Find entire surface of frustum of a pyramid ; 
lower base 9 feet square, upper 4 feet, height 10 feet. 
Find volume. 



LESSON LXXX. 

Ex. 1. Height of right cylinder is 8 feet, radius of 
bases 2 feet. 

a. Find area of bases. c. Entire surface. 

6. Convex surface. d. Volume. 

Ex. 2. Find volume of the hexagonal prism that 
will just go into the above cylinder. 

a. Its lateral surface. 6. Area of bases. 

U. Entire surface. 

Ex. 3. Find volume of cone to fit above cylinder, 
a. Its convex surface. 6. Its entire surface. 

Ex. 4. Find volume of square pyramid that will 
go into the cylinder. 

a. Area of base. b. Convex surface. 
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LESSON LXXXI. 

Theorems and Problems. 

A theorem is a proposition to be demonstrated. 
A problem is something to be done with the ruler 
and compasses. 

1. When two straight lines intersect, if one angle 
is a right angle, the other three are right angles. 

2. In a triangle, the greater side is opposite the 
greater angle. 

3. The perpendicular is the shortest distance to a 
line from a given point. 

4. The lines bisecting two supplementary adjacent 
angles are perpendicular to each other. 

5. What is the locus of a point always equidistant 
from the extremities of a given line? 

6. If two right triangles have an acute angle and 
one leg in each equal, the triangles will be equal. 

7. What is the length of a line from the right 
angle to middle of hypotenuse? 

8. Bisect a line ; an angle. 

9. Trisect a right angle, opening the compasses only 
once. Radius is chord of 60°. 

10. Make a square double the area of a given 
square. 

11. The locus of a point, the square of the distances 
from which to two fixed points is constant, is what? 
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12. The sum of all the angles of a quadrilateral 
equals what? 

13. Sum of the angles of a pentagon? Hexagon? 
Any regular polygon? 

14. Sum of the exterior angles, formed by produc- 
ing sides of a polygon, is what? 

15. Make a rhombus having both diagonals given. 

16. Construct a rectangle, the perimeter and one 
side being given. 

17. How would you go from the middle of one end 
of a room to the opposite point, touching a side, and 
make the shortest journey? 

18. The area of a triangle is equal to the square 
root of the product of half the sum of its sides, and 
the difference between the half sum and each side. 

Sides are 9, 12, and 15; required the area. 

19. Diameter of circle is 100. Find area of in- 
scribed square ; of inscribed hexagon ; of inscribed 
equilateral triangle; area of similar circumscribing 
figures. 

20. Draw, freehand, triangle with sides a, 6, and c: 

(1) When they are unequal. (3) When a = b. 

(2) When they are equal. (4) When a^ +62=^2. 
Give a, 6, and c any values. 

21. Construct : 

a, a— J, aJ, (a + 6)(« — S), 

a+J, a^, (a4.J)(a+6), (a-J)(a-6). 
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The pupil can make a protractor by pasting one of the above on a stiff 
iece of paper and carefully cutting it out. 
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White's Two Tears with Numbers. Number Lessons for second and third year 
pupils. 40 cts. 

AtWOOd'S Complete Graded Arithmetic. Present a carefully graded course in 
arithmetic, to begin with the fourth year and continue through the eighth year. Part L 
200 pages. Qoth. 40 cts. Part II. 382 pages. Half leather. 75 cts. 



Walsh's Mathematics for Common Schools. Special features of this work are 




the use 01 tne equation m solution ot antnmeticai problems; and the introduction of th< 
elements of algebra and seometry. Parti. 218 pages. 35 cts. Part. II. 252 pages. 40 cts 
Part III. 365 pages. Half leather. 75 cts. 



365 pages. Half leather. 75 

Sutton and Kimbrough's Pupils' Series of Arithmethics. 

Primary Booic. Embraces the four fundamental operations in all their simple relations. 

80 pages. Boards. 22 cts. 
Intermediate Book. . Embraces practical work through the four Operations cancellation» 

factoring and properties of numbers, simple and decinud fractions, percentage and simple 

interest. 128 pages. Boards. 25 cts. 
Lower Book. Combines in one volume the Primary and Intermediate Books. 208 

pages. Boards, 30 cts. Cloth, 45 cts. 
Higher Book. A compact volume for efiSdent work which makes clear all necessary 

theory. 275 pages. Half leather. 70 cts. 

Safford's Mathematical Teaching. Presents the best methods of teaching, from 
primary arithmetic to the calculus. Paper. 25 cts. 

Badlam'S Aids to Number. For Teachers. First Series. Consists of 25 cards for 
sight-work with objects from one to ten. 40 cts. 

Badlam'S Aids to Number. Far PupHs. First Series. Supplements the above 
with material for slate work. Leatherette. 30 cts. 

Badlam'S Aids to Number. For Teachers. Second Series. Teachers' sight-work 
with objects above ten. 40 cts. 

Badlam'S Aids to Number. ForPupHs. Second Series. Supplements above with 
material for slate work from 10 to 20. Leatherette. 30 cts. 

Badlam'S Number Chart, n x 14 inches. Designed to aid in teaching the four 
fundamental rules in lowest primary grades. 5 cts. each; per hundred ^4.00. 

Luddington's Picture Problems. 70 cards, 3x5 inches, in colors, to teach by pic- 
tures combinations from one to ten. 65 cts. 

Pierce's Review Number Cards. Two cards, 7x9, for rapid work for second and 
third year pupils. 3 cts. each ; per hundred ^2.40. 

3owland'S Drill Card. For rapid practice work in middle grades. 3 cts. each ; pet 
hundred ^2.40. 

For advanced work see our list of books in Mathematics. 



D. C. HEATH & CO., PUBLISHERS, 

BOSTON. NEW YORK. CHICAGO. 



Arithmetic. 

Aids to U^umber, — First Series. Ttaeh ers' Editio n. 

Oral Work — One to ten. 25 cards with concise directions. By Anna B. Badlami, 
Principal of Training School, Lewiston, Me., formerly of Rice Training School^ B^sttm. 
Retail price, 40 cents. 

^ids to Plumber . — First S eries. Pupus' Edition, 

Written work. — One to ten. Leatherette. Introduction price, 35 cents. . 

Aids to tJ^umber. — Second Series. Teacher/ Edition. 

Oral Work. — Ten to One Hundred. With especial reference to multiples of numbers 
from I to 10. 32 cards with concise directions. Retail price, 40 cents. 

Aids to Plumbers. — Second Serie s. PupiU Edition, 

Written Work. — Ten to On« Hundred. Leatherette. Introduction price, 25 oenta. 

The Child's Slumber Charts. By anna b. badlam. 

Manilla card, zi x 14 inches. Price, 5 cents each ; ^4.00 per hundred. 
nDrill Charts. By C. p. Howland, Prindpal of Tabor Academy, Marioa, Mass. 

For rapid, middle-grade practice work on the Fundamental Rules of Arithmstic. Two 
cards, 8x9 inches. Price, 3 cents each; or ^a.40 per hundred. 

^J^evieW Number Cards. By Ella M. Piercb, of Providence, R. L 

For Second and Third Year Pupils. Cards, 7x9 inches. Price, 3 cents each ; or ls.40 
per hundred. 

Picture Problems. By miss h. a. luddington, 

-Principal of Training School, Pawtucket, R. I. ; formerly Teacher of Me&ods and Train- 
ing Teacher in Primary Department of State Normal School, New Britain, Conn., 
and Training Teacher in Cook County Normal School, Normal Park, 111. 70 colore! 
cards, 4x5 inches, printed on both sides, arranged in 9 sets, 6 to zo cards in each set, 
with ca^ of directions. Retail price, 65 cents. 

(Mathematical Teaching an d its ^Modern (Meth ods. 

By Truman Henry Safford, Ph. D., Professor of Astronomy, Williams College, 
Mass. Paper. 47 pages. Retail price, 25 cents. 

The New Arithmetic. 

By 300 authors. Edited by Sbymour Eaton, with Preface by T. H. Saffom)^ Tto» 
fuaoT of Astronomy, Willia[ins College, Mass. Introduction price, 75 cents. 
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MA THEM A TICS. 



Bowser's Academic Algebra. A complete treatise through the progressions, indad 
ing Permutations, Combinations, and the Binomial Theorem. Half leather. ^1.25. 

fiOWSer'S College Algebra. A complete treatise for colleges and scientific schools. 
Half leather. ^1.65. 

Bowser's Plane and Solid Geometry. Combhies the excellences of Euclid with 
those of the best modem writers. Half leather. ^1.35. 

Bowser's Plane Geometry. Half leather. 85 cts. 

Bowser's Elements of Plane and Spherical Trigonometry. A brief course 

prepared especially for High Schools and Academies. Half leather, ^i.oo. 

Bowser's Treatise on Plane and Spherical Trigonometry. An advanced 

work which covers the entire course in higher institutions. Half leather. ^1.65. 

Hanus's Geometry in the Grammar Schools. An essay, together with illustrative 

class exercises and an outline of the work for the last three years of the grammar schooL 
53 pages. 25 cts. 

Hopkin's Plane Geometry. On the heuristic plan. Half leather. 85 cts. 

Hunt's Concrete Geometry for Grammar Schools. The definitions and ele- 
mentary concepts are to be taught concretely, by much measuring, by the making of 
models and diagrams by the pupil, as suggested by the text or by his own invention, 
xoo pages. Boards. 30 cts. 

Waldo's Descriptive Geometry. A large number of problems systematically ar- 
ranged and with suggestions. 90 cts. 

The New Arithmetic. By 300 teachers. Little theory and much practice. Also an 
excellent review book. 230 pages. 75 cts. 

For Arithmetics and other elementary work see our list of books in Number, 
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Algebra and Geometry. 

Academic Algebra. 

By E. A. Bowser, Profc of Mathematics, Rutgers College. Half leather. 

366 pages. Price by mail, $1.25. 

This work is designed as a text-book for common and high schools 
and academies, and to prepare students for entering colleges and scien- 
tific schools. The book is a complete treatise on Algebra up to and 
through the Progressions, and including Permutations and Combinations 
and the Binomial Theorem. For students who have not sufficient time 
to take the College Algebra, this perhaps is the better book ; but those 
who contemplate entering college, or who wish to take a complete 
course in Algebra, may as well begin at once with the larger work. 

College Algebra. 

Half leather. 558 pages. Price by mail, ^^1.65. Introduction price, ;^i.5a 

This work is designed as a text-book for academies, colleges, and 
scientific schools. It begins at the beginning of the subject, and the 
full treatment of the earlier parts renders it unnecessary that students 
who use it shall have previously studied a more elementary algebra. 

Plane and Solid Geometry. 

Half leather. 402 pages. Price by mail, ^^1.40. Introduction price, ^^1.25. 

This work combines the excellences of Euclid with those of the best 
modern writers, especially of Legendre and Rouchd and De Com- 
beroi^sse. It aims to effect two objects : (i) to teach geometric truths; 
(2) to discipline and invigorate the mind — to train it to habits of clear 
and consecutive reasoning. 

Hopkins' Plane Geometry, on the Heunstic Plan, 

By G. I. Hopkins, High School, Manchester, N.H. Boards. 60 cents. 

The demonstrations are purposely incomplete, so that the pupil is 
compelled to master the subject instead of memorizing it. 
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SCIENCE. 

Shaler'S First Book in Geology. For high school, or highest class ia gnunmai 
school. I^i.io. Bound in boards for supplementary reader. 70 cts. 

Ballard's World of Matter, a Guide to Mineralogy and Chemistry. |i.oa 

Shepard'S Inorganic Chemistry. Descriptive and Qualitative; experimental and 
inductive; leads the student to observe and think. For high schools and colleges. ^1.25. 

Shepard's Briefer Course in Chemistry ; with Chapter on Organic 

Chemistry. Designed for schools giving a half year or less to the subject, and schools 
limited in laboratory facilities. 90 cts. 

Shepard's Organic Chemistry. The portion on organic chemistry in Shepard's 
Briefer Course is bound in paper separately. Faper. 30 cts. 

Shepard's Laboratory Note-Book. Blanks for experiments: tables for ther«. 
actions of metallic salts. Can be used with any chemistry. Boards. 40 cts. 

Benton's Guide to General Chemistry, a manual for the laboratory. 40 cts. 

Remsen's Organic Chemistry. An introduction to the study of the Compounds 
of Carbon. For students of the pure science, or its application to arts. ^1.30. 

Omdorff's Laboratory Manual, containing directions for a course of experiments 
in Organic Chemistry, arranged to accompany Remsen's Chemistry. Boards. 40 cts. 

Colt's Chemical Arithmetic, with a short system of Elementary Qualitative 
AnalysifK- For high schools and colleges. 60 cts. 

Grabfield and Bums' Chemical Problems. For preparatory schools. 60 cts. 

Chute's Practical Physics, a laboratory book for high schools and colleges study- 
ing physics experimentally. Gives free details for laboratory work. #1.25. 

ColtOn's Practical Zoology. Gives a clear idea of the subject as a whole, by the 
careful study of a few tjrpical animals. 90 cts. 

Boyer's Laboratory Manual in Elementary Biology, a guide to the 

study of animals and plants, and is so constructed as to be of no help to the pupil unless 
he actually studies the specimens. 

Clark's Methods in Microscopy. This book gives in detail descrii)tions of methods 
that will lead any careful worker to successful results in microscopic manipulation. ^1.60. 

Spalding's Introduction to Botany. Practical Exercises in the Study of Plants 
by the laboratory method. 90 cts. 

Whiting's Physical Measurement, intended for students in ClvU, Mechani. 
cal and Electrical Engineering, Surveying, Astronomical Work, Chemical Analysis, Phys- 
ical Investigation, and other branches in which accurate measurements are required. 

I. Fifty measurements in Density, Heat, Light, and Sound. $1.30. ^ 
II. Fifty measurements in Sound, Dynamics, Magnetism, Electridty. ^1.50. 
III. Principles and Methods of Physical Measurement, Physical Laws and Prmd- 

pies, and Mathematical and Physical Tables. $1.30* 
IV. Appendix for the use of Teachers, including examples of observatioa and re- 
duction. Part IV is needed by students only when working without a teacher. 
^1.30. 
Parts I-III, in one vol., 13.25. Parts I-IV, in one vol., $4.m. 

Williams's Modem Petrography. An account of the application of the micro' 

scope to the study of geology. Paper. 25 cts. 

For elementary works see our list 0/ books in Eletnentary Science, 
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Elementary Science. 



III. 

IV. 



Bailey's Grammar School Physics. A series of inductive lessons in the elements 
of the science. Jn^ess. 

Ballard's The World of Matter. A guide to the study of chemistry and mineralogy; 
adapted to the general reader, for use as a text-book or as a guide to the teacher in giving 
object-lessons. 264 pages. Illustrated, ^i.oo. 

Clark's Practical Methods in Microscopy. Gives in detail descriptions of methods 

that ^jvill lead the careful worker to successful results. 233 pages. Illustrated, ^x.60. 

Clarke's Astronomical Lantern, intended to familiarize students with the constella^ 
tions by comparing them with fac-similes on the lantern face. With seventeen slides, 
giving twenty-two constellations. ^4.50. 

Clarke's How to find the Stars. Accompanies the above and helps to an acquaintance 
with the constellations. 47 pages. Paper. 15 cts. 

Guides for Science Teaching. Teachers* aids in the instruction of Natural History 
classes in the lower grades. 

I. Hyatt's About Pebbles. 36 pages. Paper, xo cts. 
II. Goodale's A Few Common Plants. 61 pages. Paper. 20 cts. 

Hyatt's Commercial and other Sponges. lUustratea. 43 pages. Paper. 20 cts. 
Agassiz's First Lessons in Natural History. Illustrated. 64 i>ages. Paper. 
25 cts. 

V. Hyatt's Corals and Echinoderms. Illustrated. 32 pages. Paper. 30 cts. 
VI. Hyatt's Mollusca. Illustrated. 65 pages. Paper. 30 cts. 
VII Hvatt's Worms and Crustacea. lUustrated. 68 pages. Paper. 30 cts. 
VIII. Hyatt's Insecta. Illustrated. 324pages. Cloth. ^1.25. 
XII« Crosby's Common Minerals and Rocks. Illustrated. 200 pages. Paper, 40 
cts. Cloth, 60 cts. 

XIII. tiichard's First Lessons in Minerals. 50 pages. Paper. 10 cts. 

XIV. Bowditch's Physiology. 58 pages. Paper. 20 cts. 

XV Clapp's 36 Observation Lessons in Minerals. 80 pages. Paper. 30 cts. 
XVI Phenix's Lessons in Chemistry. In prgu. 
Pupils' Note-Book to accompany No. 15. 10 cts. 

Rice's Science Teaching in the School, with a course of instruction in sdence 

for the lower grades. 46 pages. Paper. 25 cts. 

Ricks's Natural History Object Lessons. Supplies mformation on plants and 
their products, on animals and their uses, and gives specimen lessons. Fully illustrated. 
332 pages. 1 1. 50. 

Ricks's Object Lessons and How to Give them. 

Volume I. Gives lessons for primary grades. 200 pages. 90 cts. 

Volume II. Gives lessons tor grammar and intermediate grades. 212 i>ages. 90 cts. 

Shaler'S First Book in Geology. For high school, or highest dass in grammar sdiooL 
772 pages. Illustrated, ^i.oo. 

Shaler'S Teacher's Methods in Geology. An aid to the teacher of Geology. 

74 pages. Paper. 25 cts. 

Smith's studies in Nature. A combination of ratural history lessons and language 
work. 48 pages. Paper. 15 cts. 

Sent by mail postpaid on receipt of price. See also our list of books in Science. 



D. C. HEATH & CO., PUBLISHERS, 

BOSTON. NEW YORK. CHICAGO. 



To avoid fine, this book should be returned on 
or before the date last 8tan4>ed below 



10 



40 



1^ 







- f.-^' V 



